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NEPHRITIS due to intravenous injection of organ-specific nephro- 
toxic sera was first described by Lindeman in 1900." It has since 
been reproduced in rats, rabbits and dogs. The observations of 
Pearce, Masugi,'? Arnott, Keller and Matthew? and of Smadel!*@ 
have separated true nephrotoxic nephritis from the non-specific 
renal irritation which may follow the injection of hemolysins. De- 
tailed clinical, functional, immunologic and pathologic observations 
on the nature and course of nephrotoxic nephritis in rats have been 
reported by Smadel,'**> Smadel and Farr and Smadel? 
and Swift and Smadel.'® 

The purpose of this communication is to present observations on 
the course of nephrotoxic nephritis in dogs. Earlier work in this 
field has been adequately reviewed by the authors cited above, so 
that no detailed review is presented here. 

Methods. 1. Preparation of Nephrotoxic Serum. Normal dog kidneys 
were washed free of visible blood by perfusion under pressure with 0.9°; 
salt solution, chopped and ground in sand. An approximate 20° suspen- 
sion was made in physiologic salt solution. Rigid aseptic precautions were 
observed throughout the procedure. Ten cubic centimeters of the suspen- 
sion were injected into normal hens daily for 3 days of each of 4 weeks. 
\ rest period of 1 week was followed by a repetition of the series of injec- 
tions. The dog-kidney precipitin titre of the serum was determined at the 
end of each 4-week period. A high precipitin titre was reached in most 
instances at the end of 3 or 4 series of injections. The hen’s blood was 
vou. 201, No. 3.—MakcH, 1941 


314 FOUTS, CORCORAN, PAGE: 


then withdrawn, the clot separated and the serum passed through a Seitz 
filter before injection into dogs. 

2. Renal Function. Renal clearances of phenol red and inulin were 
determined by the methods described by Corcoran and Page.!’ Observations 
of renal blood flow, calculated from the clearances and extraction per- 
centages of phenol red and inulin, were made in which both kidneys had 
been subcutaneously explanted by the method of Page and Corcoran.! 
These determinations were made during a control period and at intervals 
during the progress of the experimental nephritis. The urine volume was 
measured daily, its protein content found by the method of Shevky and 
Stafford’ and the specific gravity determined with a Westphal-Van Slyke 
balance. Counts of the urinary sediment were made by the method of 
Addis.!. Creatinine determinations for the measurement of creatinine clear- 
ance were made by an application of the method of Folin and Wu’ to the 
Evelyn photoelectric macro-colorimeter.' 

3. Other Determinations. Red blood counts, determinations of blood 
hemoglobin and hematocrit index were done in control periods and during 
the course of the disease. Determinations of blood urea nitrogen (Van Slyke 
and Kugel*°), plasma carbon dioxide and chloride content were made when 
specially indicated. Arterial pressure was measured by a mercury manom- 
eter and femoral arterial puncture, using a No. 20 needle. Electrocardio- 
graphic records were obtained during the acute phase of nephritis in 3 
instances. 

4. Pathologic Examination. Tissues secured at autopsy were forwarded 
for microscopic examination to Dr. Paul N. Harris (Lilly Research Labora- 
tory, Indianapolis, Ind.) and to Dr. Irving Graef (New York University, 
New York, N. Y.). Some of the observations made by Dr. Graef form the 
subject of a separate communication. 


Results. 1. CLinicaLt. (a) Acute Phase. The first injection of 
serum caused no immediate symptoms, although subsequent injec- 
tions were usually followed by anaphylactic reactions of varying 
intensity. In one instance (Dog 4) two injections of normal serum 
were given, the second of which provoked symptoms of anaphylaxis. 
Neither injection of normal serum had any other effect. 

The onset of nephritis occurred from 6 to 10 days after the first 
injection of potent serum and was ushered in by loss of appetite, 
lethargy, proteinuria and hematuria. Hematuria was grossly 
visible in 4 of the 6 subjects, while in the other 2 (Dogs 1 and 6) 
iis presence was only determined by counts of the urinary sediment. 
Peripheral edema occurred at the onset of the disease in the 2 dogs 
which later died of nephritis. The explanted kidneys were seen to 
be greatly swollen during the acute stage of nephritis in these 2 
cases. Mild polyuria with a decrease of urinary specific gravity 
occurred in every instance. Marked loss of weight developed in 
all but the subject in which nephritis was mildest (Dog 1). The lost 
weight was regained in those cases in which recovery occurred. 
Arterial pressure was not increased in any animal, either during the 
acute or chronic phases of the disease. The ocular fundi were 
unchanged. 

(b) Subsequent Course. Complete recovery was observed twice 
(Dogs 1 and 3). Subsequent injections of potent serum in these 
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cases failed to reproduce the acute disease. Partial recovery oc- 
curred in 3 instances. One of these died of anaphylactic shock 
during the fourth injection of serum (Dog 2), so that recovery might 
have occurred in this case also. Dog 4 recovered appetite and 
apparent well-being, but continued to excrete large amounts of 
urinary protein. This chronic phase followed repeated injections 
of large doses of active serum. Dog 5, which received only one 
injection of nephrotoxic serum, showed partial recovery of weight 
and appetite and, although hematuria disappeared, proteinuria con- 
tinued. Edema was present in this case for about 2 months after 
the first injection. Following the second injection of serum, edema 
returned, proteinuria increased and appetite and weight were lost. 
Nephritis was most severe in Dog 6. Appetite did not return with 
recession of acute nephritis in this case and, although edema per- 
sisted, weight showed a progressive decrease. Hematuria and 
proteinuria never completely subsided in this dog. 

(c) Renal Failure. Failure of excretory function was evidenced 
by increases of blood urea nitrogen. This occurred during acute 
nephritis in every instance. However, renal failure during acute 
nephritis was not associated with severe prostration nor with symp- 
toms of the uremic state. The serum carbon dioxide content during 
acute nephritis in Dog 6 was 15.03 and 16.4 mM. per liter on occa- 
sions when blood urea nitrogen was 186 and 206 mg. per 100 cec., 
respectively. The serum chloride was equivalent to 599 and 620 mg. 
of NaCl per 100 ce. 

Renal failure with nitrogen retention, acidosis and symptoms of 
uremia occurred terminally in Dogs 5 and 6. The course of Dog 6 
in some respects resembled that of terminal glomerulonephritis in 
man. ‘The blood urea nitrogen had remained elevated since the 
phase of acute nephritis. About 3 weeks before death the edema 
increased and blood urea rose. There were almost complete loss of 
appetite and occasional vomiting. Ten days before death the blood 
urea nitrogen was ISO mg. per 100 ce., and serum carbon dioxide 
content was 10.6 mM. per liter. Hiccough and repeated mild con- 
vulsions preceded coma which developed on the day before death. 
The blood urea nitrogen at this time was 301 mg. per 100 cc. and the 
serum carbon dioxide content was 5.54 mM. per liter. The coma, 
convulsions, odor of the breath, hiccoughs and character of respira- 
tion resembled terminal uremia in man. 

The final course was much more rapid in Dog 5, which died 35 
days after a second injection of serum. Renal function rapidly 
decreased during the week before death and, as the blood urea rose, 
the animal rapidly lost weight and became prostrated. The dog 
was very weak and intensely dyspneic on the day of death and 
vomited large amounts of bloody fluid. There was oxygen unsatura- 
tion of the arterial blood, severe failure of peripheral circulation, 
interse hemoconcentiation and marked arterial hypotension. Blood 
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urea nitrogen was 216 mg. per 100 cc., serum carbon dioxide content 
was 12 mM. per liter and serum total protein content 9.42 gm. per 
LOO ee. 

2. AnemMIA. The first injections of nephrotoxic serum caused 
immediate falls in red cell count, hemoglobin and hematocrit index 
and a definite increase of plasma bilirubin. Leukocytosis up to 
38,000 occurred as anemia developed. These observations suggest 
that hemolysins were present in the nephrotoxic sera in spite of the 
precautions used in the preparation. ‘Titration of the most hemo- 
lytic serum against the red blood cells of 2 normal dogs showed that 
hemolysis occurred in dilutions up to 1 64 and 1/120, and that there 
was slight clumping of the red cells in dilutions up to 1/512 and 
1/1024. This serum contained precipitins against the filtrate of 
dog kidney in dilutions up to 1/ 100,000. 

The numbers of reticulocytes increased moderately after anemia 
appeared. The degree of reticulocytosis was less than would have 
been expected from the severity of the anemia. The blood count 
remained low during the acute phase of nephritis, but returned 
towards normal parallel to the improvement of renal function in 4 
out of the 6 cases. Recovery of this type did not occur in Dog 2. 
Both red blood count and renal function remained Jow in Dog 6, 
in which the anemia became more severe as uremia developed. 

Injection of nephrotoxic sera after recovery from acute nephritis 
caused no recurrence of anemia. 

3. Sedimentation rate was slightly increased during the acute 
phase but returned towards normal with the recovery of renal 
function. 

t. The plasma protein content was not decreased in any case. 

5. Electrocardiographic records obtained during the height of 
acute nephritis showed no abnormalities. 

6. Renat Function. The onset of nephritis was associated with 
development of marked disparity in the renal clearances of phenol 
red and inulin. One or 2 days before proteinuria reached its peak 
during the acute phase, phenol red clearance was at or above control 
levels. The simultaneous clearance of inulin was absolutely or 
relatively depressed, so that the phenol red/inulin clearance ratio 
was increased. Inulin clearance continued to fall during the next 
6 to 12 days, and phenol red clearance fell in all but the mildest case 
(Dog 1). The rate of fall of phenol red clearance was less rapid than 
the decline of inulin clearance in all cases but Dog 6, in which 
nephritis was most severe. The phenol red inulin clearance ratio 
was high during the progress of acute nephritis in all but the severest 
case. 

Some recovery of renal function occurred within 14 to 28 days of the 
first injection of serum in every case. The recovery of inulin clear- 
ance usually preceded the rise of phenol red clearance by | to 3 
days. The absolute and relative values of renal clearances of phenol 
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red and inulin returned to normal in those cases in which recovery 
became complete (Dogs 1 and 3). Proteinuria disappeared in the 
recovered subjects. 

The clearances had fallen to such a low level in Dog 6 that, 
although some temporary recovery occurred, life was maintained 
for only 2 months when uremia developed. Clearances of phenol 
red and inulin returned to and above control levels in Dog 4. The 
ratio of phenol red inulin clearance remained high in this case and 
proteinuria persisted for more than 1 vear. During the last 3 
months of this period the phenol red clearance has fallen, so that the 
clearance ratio is low. Partial recovery with continued proteinuria 
and high phenol red inulin clearance ratios was also observed in 
Dog 2, which died of anaphylactic shock during the fourth injection 
of nephrotoxic serum. 

Partial recovery with continued proteinuria and high clearance 
ratios was observed over a longer time in another case (Dog 5), in 
which clearances were unaltered 10 days after the second injection 
of serum, though proteinuria had increased. Both phenol red and 
inulin clearances were greatly depressed at the next observation, 
30 days after injection, and a further precipitous fall of renal function 
occurred during the next 3 days, resulting in death in uremia. 

The observations on the 2 subjects with subcutaneously explanted 
kidneys (Dogs 5 and 6) are of particular interest since they include 
measurements of renal extraction percentages (renal arteriovenous 
phenol red and inulin differences) and renal blood flow. Renal 
blood flow increased in both cases at the onset of nephritis. The 
fall of phenol red clearance which occurred later in the acute phase 
paralleled a decrease in renal blood flow. Both phenol red clearance 
and renal blood flow later partially returned towards normal in the 
subject in which mild chronic nephritis had been produced (Dog 5). 
The renal blood flow remained at a low level in the other subject 
(Dog 6). The decrease in renal blood flow in both cases was not as 
great as the decrease of clearance. Renal extraction percentages 
in general varied in the same direction as their respective clearances. 

Blood urea nitrogen increased during the acute phase of nephritis 
and either returned or tended towards normal as clearances in- 
creased. 

The average of 6 determinations of the proportion of urea re- 
urea clearance 
inulin clearance 
acute nephritis was 52%. Normal reabsorption of urea from 
glomerular filtrate in the dog is about 43% (Van Slyke, Hiller and 
Miller*'). 

Since creatinine diffuses more rapidly than inulin (Bunim, Smith 
and Smith*), loss of the normal barrier to reabsorption of creatinine 
should result in depression of creatinine clearance relative to the 
simultaneous clearance of inulin. Creatinine and inulin clearances 
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were simultaneously determined on 2 occasions in Dog 4 during 
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7. ParHoLocic EXAMINATION. Autopsies were done in 3 cases 
(Dogs 2, 5 and 6). A renal biopsy was done in Dog 5 during the 
height of acute nephritis. The findings in the pathologic examina- 
tion of these tissues form the subject of a separate report. It Is 
sufficient for the purpose of this communication to note that the 
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findings in Dog 2 and the biopsy of Dog 5 are those of acute inter- 
capillary glomerulonephritis. Swelling of the glomerular basement 
membrane also was present in Dogs 5 and 6. In these, however, 
scarring and hyalinization of the glomeruli and extensive degenera- 
tion and calcification of tubular areas had occurred. 

Discussion. 1. Mechanism of Nephritis. Smadel'® from studies 
of nephrotoxic nephritis in rats, states that the organ-specific anti- 
bodies which cause swelling of the intercapillary substances of the 
glomerular tuft and tubular degeneration without hematuria differ 
from the substances which excite anaphylactoid reactions, transient 
proteinuria, hematuria and deposition of fibrin thrombi in the 
glomerular capillaries. This distinction of nephrotoxic nephritis 
from the specious nephritis due to injection of serum containing 
antibodies other than nephrotoxin was first suggested by Pearce." 
Neither Smadel' nor Pearce’ observed hematuria in true nephro- 
toxic nephritis unless massive doses of nephrotoxin were given. 
The urinary and clinical findings of the transient “false’’ nephritis 
appear immediately after injection and are usually accompanied 
by anaphylactoid reactions. 

The first injections of nephrotoxic sera in dogs caused immediate 
intravascular hemolysis in each of our cases. The onset of neph- 
ritis, with renal hyperemia (increased renal blood flow) hematuria 
and proteinuria occurred 6 to 10 days later. It is therefore probable 
that the hematuria and other renal changes which we observed are 
not due to factors associated with the hemolytic reaction. 

Anaphylactic reactions occurred only with injections subsequent 
to the first and, unless the injection was given within a week of the 
first administration of serum, were not associated with recurrence 
of intravascular hemolysis. Severe anaphylactoid reactions occur- 
red in Dogs 1, 3 and 4 on injection of potent serum after recovery 
from acute nephritis. These reactions did not provoke exacerbations 
of nephritis. It may be noted that the second injection of normal 
non-nephrotoxic hen serum in Dog 4 likewise caused an anaphy- 
lactoid reaction, but without evidence of renal irritation. In 
another instance, serum given as an initial injection to Dog 5 caused 
chronic nephritis without any anaphylactoid reaction, while serum 
from the same donor given Dog 4 as the fourth and fifth injections 
resulted in severe anaphylaxis. The same serum when given as the 
seventh injection (Dog 4) caused no reaction. 

The anaphylactic reaction in the dog is therefore distinct from the 
hemolytic reactions to first injections. 

Neither the hemolytic nor the anaphylactoid reactions appear to 
be concerned with the development of the nephrotoxic nephritis 
which we have observed in dogs. It is therefore probable that the 
phenomena observed in the course of nephrotoxic nephritis in dogs, 
including hematuria, are phases in the reaction to organ-specific 
nephrotoxins. 
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It is of interest to note that the onset of nephrotoxic nephritis in 
the rabbit (Kay and Longcope’’) may be prevented by Roentgen 
irradiation of the animal after injection of serum. It is suggested 
that the nephrotoxic reaction is secondary to the formation of 
nephrotoxin-kidney combinations. The immune response to the 
donor’s serum injures the kidney which was immunologically altered 
but had remained structurally intact. Roentgen irradiation is 
believed to inhibit the formation of antibodies and thus prevent the 
onset of nephritis. 

2. Effects of Repeated Injections. Two or more injections of serum 
were given in most instances before the appearance of nephritis. 
However, the experience in Dogs | and 5 establishes that one injec- 
tion is adequate for the production of nephrotoxic nephritis, either 
mild or severe. Repeated injections after subsidence of nephritis 
in Dogs 1 and 3 were apparently ineffective. The injections given 
Dog 4 may possibly have contributed to the chronicity of nephritis 
in this case, although a single injection resulted in chronic nephritis 
in Dog 5. 

These observations on the effect of repeated injections contrast 
with the single experience in Dog 5 in which the second injection 
of serum caused an anaphylactoid reaction, increased proteinuria 
and a return of edema, although there was no evidence of hemolysis. 
Renal function, which in this case was unaltered 10 days after the 
injection, had fallen markedly at the end of 31 days and continued 
to fall until the dog’s death in uremia 35 days after the second injec- 
tion. At autopsy there were numerous fibrin thrombi in the 
glomerular capillaries. The long delay in the appearance of renal 
failure makes it difficult to attribute this course to the anaphylactic 
reaction. We are therefore tempted to attribute it to the effect of 
nephrotoxic serum. 

3. Changes of Renal Function. Increased renal blood flow was 
observed at the outset of acute nephritis in the 2 cases in which this 
function was measured. Renal blood flow was probably increased 
in at least 2 other subjects in which phenol red clearance increased 
above control levels at this time. Acute nephrotoxic nephritis, like 
most inflammatory reactions, at its outset is associated with 
hyperemia. 

Both in the acute and chronic phases of nephritis inulin clearance 
was abnormally depressed in relation to the clearance of phenol red. 
This depression of inulin clearance might conceivably be due to 
tubular reabsorption of inulin by diffusion through damaged and 
incompetent tubular cells. Reabsorption of inulin apparently does 
not occur in normal dogs (Smith'*). That reabsorption of inulin 
did not occur in dogs suffering from nephrotoxic nephritis is sug- 
gested by the observations that urea reabsorption is only slightly 
increased and that creatinine is apparently not reabsorbed at all. 
The depression of inulin clearance therefore reflects a decrease in 
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the proportion of water filtered from plasma as it passes through the 
kidneys. 

This depression of glomerular filtration must be due either to de- 
creased intraglomerular pressure or to decreased efficiency of filtra- 
tion. ‘The presence of proteinuria and, more directly, the swollen 
intercapillary substance found in glomerular capillaries at the height 
of acute nephritis and in chronic phases suggest that the decrease in 
filtration resulted from the thickening of the filtering surface and 
not from altered renal hemodynamics. One may conceive of a state 
in which glomerular capillaries are so altered by inflammatory 
change that they permit the passage of protein as it were through 
abnormal pores, but retain water and the solutes of plasma because 
swelling has reduced their effectiveness as filters. 

Many glomeruli which at the outset of nephritis were patent, 
although filtering inefficiently, became occluded as inflammation 
continued. Renal blood flow and phenol red clearance fell at this 
time. ‘The fall of inulin clearance was more rapid, possibly because 
swelling interferes with filtration before it occludes the glomerular 
capillaries. The renal tubules were ischemic at this time. It should 
be noted, however, that renal blood flow did not decrease as rapidly 
as clearance; that is, that the proportion of blood perfusing non- 
excretory tissues is increased. This observation suggests that shunts 
were opened around some of the occluded glomeruli. 

As inflammation receded, the process was reversed so that blood 
flow increases and filtration becomes more efficient. Some or many 
glomeruli remain closed by scarring (Dogs 5 and 6) so that their 
tubules atrophy completely. The inflammatory process did not 
always entirely subside, but continued in some cases (Dogs 4, 5 
and 6). 

The fact that the capacity of the tubular cells to secrete phenol 
red was apparently unimpaired in the initial acute phase at a time 
when glomerular function was decreased suggests that the renal 
lesion of nephrotoxic nephritis is primarily glomerular and raises the 
possibility that the tubular lesions which subsequently appear occur 
as the result of ischemia due to glomerular occlusion. Observations 
by Ehrich, Wolf and Bartol> of the excretion rates of cyanol and 
azofuchsin in rabbits during the acute phase of nephrotoxic nephritis 
have also demonstrated the preponderance of glomerular as opposed 
to tubular injury. Their morphologic observations indicate that 
renal hyperemia occurred during the acute phase of nephrotoxic 
nephritis in rabbits. 

4. Anemia. The anemia which occurred abruptly after injection 
of nephrotoxic serum was at its onset due to hemolysins. The 
reticulocytosis which followed was less than would have been 
expected from the degree of anemia. The red blood count remained 
at a low level during acute nephritis and only tended towards normal 
as renal function improved. Anemia continued in the one case in which 
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renal function remained severely impaired (Dog 6). The develop- 
ment of uremia in this case was accompanied by a further decrease 
in red cell count. Complete cure of the anemia occurred in those 
cases in which full recovery occurred. These observations strongly 
suggest that the activity of the bone marrow was depressed during 
the period of severe renal disease. 

5. Comparison With Nephrotoxie Nephritis in Rats and Rabbits. 
The clinical and functional course of nephrotoxic nephritis in rats 
has been reported by Farr and Smadel.? The onset of nephritis 
in rats follows the injection of nephrotoxic serum sooner than it does 
in the dog. Hematuria does not occur unless massive doses of 
nephrotoxin are given and in the acute reactions to anaphylactoid 
and hemolytic factors. Cylindruria is very intense. Urea clearance 
is decreased in acute nephritis and in those cases in which chronic 
disease is established. Hypertension and cardiac hypertrophy occur 
in some cases. Edema was noted during acute nephritis. Hypo- 
proteinemia was found in some cases during the acute phase and in 
those progressive cases which went on to uremia. 

In the rabbit (Ehrich, Wolf and Bartol*) the onset of nephrotoxic 
nephritis occurred 1 week after injection of serum and was char- 
acterized by oliguria, proteinuria, hematuria, cylindruria, edema 
and increase in urea nitrogen. 

Nephrotoxic nephritis as it was observed in the dog differs from 
that which occurs in the rat in many respects but resembles the 
course observed in rabbits. Hematuria was the rule in every case 
of acute nephritis in the dog. Hypertension did not develop in any 
case. Although edema was present in 2 cases and persisted and 
recurred in the chronic nephritis of Dog 6, there was no decrease in 
plasma protein at any time. The course of nephritis in the dog 
seemed to tend towards the extremes of rapid recovery or of 
chronic nephritis with reduction of renal function. 

The variations of nephrotoxic nephritis in different species may be 
due to inherent differences in their reactions to nephrotoxin, or to 
alterations in the potencies and methods of administration of the 
sera. 

6. Comparison With Nephritis in Man. ‘The onset of nephrotoxic 
nephritis in dogs greatly resembles that of acute hemorrhagic 
Bright's disease in man. The course of the anemia in the dog was not 
dissimilar from that observed in nephritis in man. However, neither 
hypoproteinemia nor hypertension developed during the course of 
nephrotoxic nephritis in the dog. 

Observations in cases of Bright’s disease in human beings suggest 
that renal blood flow is increased and filtration depressed in the acute 
phase (Goldring and Smith*). Reduction of renal blood flow with 
abnormal depression of filtration may occur as the disease progresses. 
Increase of renal blood flow with restoration of normal filtration has 
been observed during recovery in Bright’s disease in human beings. 
These observations are exactly paralleled in our results. 
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It may be concluded that the clinical and functional alterations of 
nephrotoxic nephritis in dogs, rats and rabbits, although varying 
somewhat in these species, together closely simulate many aspects 
of Bright's disease in human beings. 

Summary. Anti-dog kidney nephrotoxic serum was prepared by 
repeatedly injecting hens with sterile emulsions of dog kidneys. 
Injection of these sera in dogs, after a quiescent period of 6 to 10 
days, resulted in the onset of hematuria, proteinuria and loss of 
appetite. Renal blood flow was increased at this time and the 
efficiency of glomerular filtration was reduced, although the integrity 
of the tubules was apparently maintained. It is suggested that the 
increase of renal blood flow is due to inflammatory hyperemia, while 
the decrease in filtration is due to thickening of the glomerular base- 
ment membrane. As the glomerular swelling increases, the capil- 
laries are occluded so that renal blood flow decreases. The decrease 
in renal blood flow is less rapid and severe than the decrease in 
clearance, so that it is suggested that shunts may have opened around 
some of the occluded glomeruli. 

Subsidence of the inflammatory reaction is associated with 
reversal of this process, although scarring may result in permanent 
occlusion of some glomeruli and complete atrophy of their tubules. 
Chronic nephritis is established in some cases. 

Repetitions of the injections of nephrotoxic sera do not usually 
result in exacerbation of nephritis. 

Hemolytic anemia, apparently due to hemolysins not eliminated 
from the sera by the precautions used in their preparation, occurred 
immediately after the first injections of serum. The delay in appear- 
ance of nephritis after the hemolytic reaction and the course of the 
renal lesion indicate that it was not due to the hemolytic reaction. 

The reticulocytosis which followed the development of anemia 
was less than would have been expected from the degree of anemia. 
The course of the anemia subsequent to the development of nephritis 
varied in the same direction as the changes of renal function. These 
observations indicate that the activity of the bone marrow was de- 
pressed during the existence of severe renal damage. 

Although the courses of nephrotoxic nephritis in dogs, rats and 
rabbits show some differences between these species, the clinical 
and functional alterations which occur in these species together 
mimic many phases of Bright’s disease in human beings. 

Conclusions. |. Nephrotoxic nephritis due to injection of relative 
organ-specific nephrotoxic sera in dogs is at its onset associated with 
increased renal blood flow and decreased efficiency of glomerular 
filtration. 

2. The decrease of glomerular efficiency is apparently due to 
thickening of the glomerular basement membrane. This functional 
alteration persists during the course of active nephrotoxic nephritis. 
Its presence is indicated by an increase in the ratio of phenol red to 
inulin clearance. 


326 LUCIA, AGGELER: 


3. The hematuria which is observed at the onset of nephrotoxic 
nephritis in the dog and during the persistence of severe chronic 
nephritis is apparently not related to hemolytic or anaphylactic 
reactions which may follow the injection of sera. 

4. Although the acute anemia which followed injection of nephro- 
toxic sera in dogs is due to hemolytic factors present in the sera, 
the course of the anemia subsequent to the development of nephritis 
suggests that depression of bone marrow activity is present during 
the persistence of severe renal disease. 
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Many reports have appeared regarding the efficacy of vitamin Kk 
to elevate the lowered plasma prothrombin concentration observed 
in various disease conditions, particularly obstructive jaundice. 
Nevertheless, there have been encountered some patients suffering 
from obstructive jaundice who have failed to respond to the admin- 
istration of vitamin K. Since many patients afflicted with chronic 
diseases of the liver have likewise been noted to have hypoprothrom- 
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binemia refractory to vitamin Kk therapy, there has been a tendency 
to ascribe all therapeutic failures to liver damage. 

Certain experimental observations suggest that the liver is con- 
cerned in the production of prothrombin. It has been observed that 
the plasma prothrombin concentration may be diminished and does 
not respond to the administration of vitamin K in acute liver necrosis 
induced by chloroform, phosphorus and carbon tetrachloride poison- 
ing in dogs'®.21.29 partial hepatectomy in rats,?** total hepatectomy 

1 dogs,’“° trauma to the liver in dogs" and subhepatic abscess 
in rats.§ 

Inquiries have been made in regard to a possible correlation 
between the prothrombin concentration and the results of various 
liver function tests. There has been general agreement that no 
significant relationship exists between the prothrombin concentra- 
tion and the plasma fibrinogen content, the bilirubin level, the 
results of the bromsulfalein dye clearance or oral galactose tolerance 
tests. Some data have been presented to indicate a parallelism 
between the results of the hippuric acid test and the prothrombin 
concentration. Quick observed 1 patient with obstruction of the 
common bile duct due to adhesions, who had hypoprothrombinemia 
and an hippuric acid test 51% of normal, and who was refractive to 
vitamin Kk therapy. After the jaundice had disappeared, and the 
prothrombin concentration had sa to 100%, the hippuric acid 
test was 77° of normal."* In 36 tests on normal subjects and 
patients known to have liver disease, exclusive of biliary obstruction 
or fistule, Wilson*! noted a high correlation between the hippuric 
acid excretion and the plasma prothrombin concentration. In the 

cases presented by Stewart and Rourke,*** the hippuric acid excre- 

tion varied from 0.6 to 6.7 gm. (average 3.3 gm.) in 15 patients with 
obstructive jaundice due to stone in the common bile duct and 
from 0.2 to 5.8 gm. (average 3.1 gm.) in 9 patients with obstructive 
jaundice due to carcinoma. They also stated that “There is, on 
the whole, agreement between clinical appraisement of the patient's 
condition, the results of liver function tests and the extent of pro- 
thrombin deficiency. Further study may indicate that the pro- 
thrombin depression is a better index of liver damage than other 
standard liver function tests.” 

Pohle and Stewart” stated that their group of 1S patients who 
failed to respond to vitamin K was composed of “. . . . patients in 
whom liver function tests or histopathological studies, or both, 
revealed extensive damage to the liver parenchyma. Similar stud- 
ies showed no indication that hepatic damage of this degree was 
present in the group of 28 patients who responded satisfactorily.” 

Smith and co-workers” stated that, “ When the liver is partially 
excised or is injured by poisons, infection or tumor growth, the level 
of plasma prothrombin falls. In these cases there is no vitamin 
deficiency, and feeding vitamin Kk does not cure the condition.” 
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Butt and co-workers® likewise observed patients with severe liver 
damage who failed to respond to vitamin kK. They stated that, 
‘We have observed that patients who have an elevated prothrombin 
clotting time but who do not respond to the administration of these 
antihemorrhagic substances, are patients in whom the liver is very 
badly damaged. In fact, the failure to respond to such substances 
is, in itself, indicative of hepatic deficiency.” On the other hand, 
they® observed that, “Actually, even a badly damaged liver is 
capable of synthesizing prothrombin; we have records of patients 
who presented every known clinical evidence of hepatic insufficiency 
and who have exhibited maximal degrees of physiologic disturbance 
(as determined by studies of hepatic function) who have been able 
to absorb and utilize vitamin K and maintain normal values for the 
concentration of prothrombin in the blood.” 

A review of published reports”? reveals that 
some patients afflicted with diseases of the liver do not have hypo- 
prothrombinemia, some have a low prothrombin concentration 
which is elevated following the administration of vitamin Kk and 
some are completely refractive to vitamin Kk therapy. 

It is evident that there is some confusion in the clinical evaluation 
of the influence of liver damage on the prothrombin concentration. 
The present investigation was conducted in order to study the 
relationship between the prothrombin concentration and liver func- 
tion as determined by various liver function tests. Emphasis has 
been placed on the hippuric acid test'™ since it is simple, inexpensive, 
and can, with few exceptions, be performed on all patients. The 
excretion of 4.5 gm. of hippuric acid in 4 hours following the inges- 
tion of 6 gm. of sodium benzoate is considered normal. Plasma 
prothrombin concentration was measured by the method of Quick." 
The prothrombin times for full strength and half strength test 
plasmas were converted to prothrombin concentrations by compari- 
son with the dilution curve of normal plasma. When the prothrom- 
bin time of a blood specimen was equal to or shorter than the normal 
control, the prothrombin concentration was taken as twice the value 
obtained for the half strength plasma. In all other instances the 
values expressed are the averages obtained for the prothrombin 
concentration of full strength plasma and twice the value obtained 
for the prothrombin concentration of half strength plasma. Dvupli- 
cate tests were done on all specimens, and readings were recorded 
to the nearest 5%. In addition, the bleeding time,'® the coagulation 
time™ and the clot retraction index'*:” were done in all cases. All 
tests were performed by the authors. 

Three synthetic vitamin K compounds were employed. Phthicol* 
(2-methyl-3-hydroxy-1,4-naphthoquinone) was administered intra- 
venously in doses of 50 to 300 mg. of 0.5% solution. Vitamin K;t 
(4-amino-2-methyl-naphthol hydrochloride) was administered intra- 


* Made available through the courtesy of the Galen Company, Berkeley, Calif. 
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venously in doses of 5 to 30 mg. of 0.1% solution. Gelatin capsules 
containing 0.6 mg. vitamin K;* (2-methyl-1,4-naphthoquinone) dis- 
solved in corn oil were administered orally in daily doses of 3.6 to 
54mg. The total daily oral dose was divided into three equal parts 
and given after meals. Deoxycholic acid (100 mg.) was given with 
each dose of vitamin Ky. In order to attain the maximum pro- 
thrombin concentration as rapidly as possible, larger than minimal 
effective doses of these compounds were used. Adequate thera- 
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lic 1.—Relation between the oral hippuric acid and the plasma prothrombin con- 
centration tests in 92 patients not treated with vitamin K. 


peutic results have been obtained in some cases with phthiocol in 
dosage of 25 mg.,” with vitamin K; in dosage of 2 mg.2° and with 
vitamin in dosage of 1 mg. daily.'8 

Graphs showing the results of our study are given in Figures 1 
and 2. With the exception of 2 cases in which the elevation of 
the prothrombin concentration was delayed, all observations on 
the same patient were carried out within a period of 4 days. 


* Made available through the courtesy of Parke, Davis and Company, Detroit, 
Mich. Numerical designations given by the manufacturer. 


330 LUCIA, AGGELER: 


In Figure | is given the values for the prothrombin concentration 
and hippuric acid tests in all patients, none of whom had received 
vitamin k. One hundred and eight tests were done on 92 patients, 
23 of whom had obstructive jaundice, 43 diseases of the liver and 
26 miscellaneous non-renal diseases. In Figure 2 is given the values 
for the prothrombin concentration and hippuric acid tests on selected 
patients after treatment with vitamin kK. Twenty-seven tests were 
done on 25 patients, 11 of whom had obstructive jaundice, 12 dis- 
eases of the liver and 2 miscellaneous non-renal diseases. 
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Fic. 2.—Relation between the oral hippuric acid and the plasma prothrombin con- 
centration tests in 25 selected patients after treatment with vitamin K. 


In Table 1 is recorded the statistical analysis of the results of the 
hippuric acid test and the prothrombin concentration. In every 
sample there was no significant correlation between hippuric acid 
excretion and prothrombin concentration. From these analyses it 
may be assumed that the factor which produces alterations in the 
excretion of hippuric acid does not operate to affect the prothrombin 
concentration. In addition to the hippuric acid test, the excretory 
function of the liver was measured by the rose bengal test? in 
$1 patients without jaundice. In normal individuals not more than 
60% of the dye is retained in the blood stream in 8 minutes and not 
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more than 40° in 16 minutes. This test is of minimal value when 
jaundice is present, and for this reason it was not done in patients 
with biliary obstruction or acute diseases of the liver. A summary 
of the comparative results of the tests is given in Table 2. Insofar 
as the average values of the hippuric acid tests are concerned, there 
appears to be good agreement with those of the rose bengal test, 
however, in individual instances there was sometimes wide variation 
between the results of the two tests. 


TaBLe 1.--CORRELATION COEFFICIENTS BETWEEN THE Hippuric AND 
roe PLasMA PROTHROMBIN CONCENTRATION IN 92 PATIENTS. 


No. of Correlation 
Sample. Description of sample. tests. coefficient. 
\ Total sample 108 +0. 2040 
B Sample A reduced by excluding all tests 81 +0. 2270 
on patients with obstructive jaundice 
(26) or sprue (1) 
C Sample B reduced to 15 patients who 15 +0. 4868 
were to receive vitamin K 
D Same as sample C after the administra- 15 +0.1942 
tion of vitamin K 
E Sample A reduced to tests on patients 27 +0. 2695 
with obstructive jaundice (26) or 
sprue ( 1) 
I Sample E reduced to 12 instances in 12 +0. 2246 
which vitamin K was to be given 
G Same as sample F after the administra- 12 —0.1130 
tion of vitamin K 
H Combined samples C and F 27 +0. 2783 
I Combined samples D and G 27 —0.0414 


Paste 2. -COMPARATIVE RESULTS OF THE BENGAL AND Hippuric Acip Tests 
IN PaTIENTS WirHout OBsTRUCTIVE JAUNDICE OR 
AcuTE DISEASES OF THE LIVER. 


Rose bengal test. Hippuric acid test (gm.). 
tests. % 8 min. % 16 min. Min. Max. Av. 
less than less than 

\ 11 61 41 2.00 5.35 4.47 

B 10 61-70 41-50 0.33 4.76 3.11 

C 10 71-80 51-60 0.54 4.88 2.55 
D 10 over 80 over 60 0.17 4.19 1.57 


* The Rose bengal test in Group A is normal, B slightly impaired, C definitely 
impaired and D markedly impaired. 


Regardless of the results of liver function tests, many patients 
with liver damage may have hypoprothrombinemia. Some of these 
patients may have a satisfactory elevation of the prothrombin 
concentration following the administration of vitamin K, while 
others are completely refractive to vitamin K therapy. The fol- 
lowing cases demonstrate the level of the prothrombin concentra- 
tion in patients with different types of diseases of the liver before 
and after the administration of vitamin K. A detailed history, 
careful physical examination and complete laboratory data were 
obtained in each instance. Only the pertinent positive and negative 
data are recorded. 
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Clinical Reports. Case 1.--W. B., U 56826, white male, aet. 55. 

Diagnosis. Acute hepatitis. 

History. Present entry February 26, 1940. Nine weeks before entry , 
the patient noted the onset of increasing fatigue. Five weeks before entry, 
he suddenly became ill and had a fever of 105° F. The temperature fluctu- 
ated around 101° F. for 4 days, and then returned to normal. On the third 
day of fever, he noted the onset of jaundice, which progressed and reached 
its peak 10 days before entry to the hospital, and since had been slowly 
regressing. The stools were colored at all times. His appetite was poor 
and he had lost 30 pounds weight. 

Physical Examination. Obese. Temp. 38.2° C (rectal). Pulse 78. Blood 
pressure 128/90. Skin and sclerw# deeply icteric. Abdominal examination 
negative. 

Laboratory Examination. 


Date 2/26/40. 3/1/40 3/4/40 3/11/40 
Bleeding time (min.) 2} 34 1} 
Coagulation time (min.) 64 S 64 9 
Prothrombin concentration (% 120 70 75 70 
Clot retraction index 3 50 13 45 
Platelet count (per c.mm.) 580,000 530,000 540,000 610,000 
Fibrinogen concentration (% 1.25 2.21 1.21 0.85 
Icterus index SS 72 13 27 
Hippuric acid test (gm.) 2.57 2.84 5.41 5 90 


Capillary fragility: normal throughout the period of observation. 

Blood: Hgb. 105°%, erythrocytes 4,900,000, leukocytes 9200. Diff. 
count: neutrophils 65° (fil. 60°%, non-fil. 5°7), eosinophils L., 30%, 
Mono. 3°%. 

Urine: bile ++-+4, urobilin +1:80, urobilinogen + 1:60. 

Stool: bile and urobilin present. 

Kolmer and Kahn tests: negative. 

Course. The patient was completely asymptomatic, except for weakness, 
during the course of his illness. His temperature varied between 39.5° 
to 41° C. from February 28 to March 3, 1940, following which time it 
gradually returned to normal. At the height of the febrile period, a slight 
drop in the prothrombin concentration occurred. When the temperature 
returned to normal, the icterus index fell, the fibrinogen concentration de- 
creased and the results of the hippuric acid test returned to normal. The 
slightly diminished prothrombin concentration persisted throughout the 
period of observation. 

Case 2.—C. B., U 39230, white male, aet. 62. 

Diagnosis. Acute yellow atrophy of the liver. 

History. Present entry February 8, 1940. An appendectomy done 1 
month previously was followed by an uneventful postoperative course. 
Urinalysis at that time revealed urobilin positive 1:40, urobilinogen posi- 
tive 1:40. The rose bengal liver function test on October 14, 1939, revealed 
72°, retention of the dye in 8 minutes, and 467 retention of the dye in 
16 minutes. Ten days before the present entry the patient observed the 
onset of gradually deepening jaundice, associated with nausea, vomiting 
and muscular twitchings. He became drowsy, stuporous, and was in coma 
on entry to the hospital. 

Physical Examination. Temperature 36.4°C. Skin and sclera intensely 
icteric. Fine muscular contractions in the extremities. Respirations shal- 
low. Liver and spleen not palpable. 

Laboratory Examinations. 


2/10/40. 2/10/40 
Date: 2/9/40. 10 a.m.* 6 PLM. 
Bleeding time (min.) 64 
Coagulation time (min.) 74 64 
Prothrombin concentration (%) . 20 20 20 
Clot retraction index ... 39 43 41 


* 50 mg. phthiocol given intravenously. 
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Blood: Hgb. 101°;, erythrocytes 5,200,000, leukocytes 20,500. Diff. 
count: neutrophils 85°; (fil. non-fil. 100%), L. 5°, Mono. 5%, meta- 
myeloeytes 3.3°7, myelocytes Erythrocytes and platelets normal. 

Urine: bile +++4, urobilin negative, urobilinogen negative. 

Icterus index: 200. 

Van den Bergh: positive immediate direct. 

Non-protein nitrogen: 45.5 mg. per 100 ec. (February 9, 1940); 58.8 mg. 
per 100 ce. (Feb. 10, 1940). 

Kolmer and Kahn tests: negative. 

Course. Patient failed rapidly and died on the morning of February 11, 
1940. Autopsy showed acute yellow atrophy of the liver. 


ATE HEPATITIS AND  SUBSIDING OBSTRUCTIVE JAUNDICE 
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Fic. 3.—The results of hemostatic tests in Case 3. 


Case 3. -A. M., SFH D218246, female, aet. 55. 

Diagnosis. Chronic cholecystitis, choledocholithiasis, cholangeitis, acute 
hepatitis, and cholecysto-duodenal fistula. 

History. Present entry December 16, 1939. For the past 6 years the 
patient suffered from recurrent attacks of right upper abdominal pain, 
sometimes accompanied by slight icterus and gaseous distention. She 
avoided fatty foods because of nausea. The present attack began 2 days 
before entry with a sudden severe pain in the epigastrium and right upper 
quadrant, which radiated to the interscapular region. She became nause- 
ated and vomited. Jaundice was present for 1 day. 

Physical Examination. Sclere# and skin slightly icteric. Abdomen mark- 
edly distended and painful. Generalized abdominal tenderness, more 
marked on the left. Marked tenderness, rigidity and rebound tenderness 
in the right upper quadrant. Tenderness in both costo-vertebral angles. 

Laboratory Examinations. Bleeding and clotting tests: Figure 3. 

Blood: Hgb. 84°%, erythrocytes 4,500,000, leukocytes 14,000. Diff. 
count: neutrophils 90%, L. 10%. 

Urine: bile +++4-, urobilin +. 

Stool: colorless, urobilinogen +, bile negative. 

Hippuric acid test: 1 gm. 
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Icterus index: 12/16/39 46 1/ 2,40 19 
12.18/39 75 1/ 40 17.5 
12/21/39 79 117,40 10.7 
12/26/39 24.5 


Intravenous cholecystograms revealed a non-filling gall bladder. No 
evidence of stones. 

Kolmer and Kahn tests: negative. 

Course. There was an intermittent fever to 102° F. until December 19, 
1939, when the patient had a chill, followed by a fever of 104° F. The 
temperature remained elevated to 104° F. for 3 days, then gradually re- 
turned to normal during the following 10 days, and remained normal 
throughout the remainder of her course, except for a slight elevation during 
the first 9 days after operation. The jaundice increased markedly during 
the first week, then gradually regressed until it was barely detectable at 
the time of operation. On January 26, 1940, choledocholithotomy was 
done under nitrous oxide, oxygen and ether anesthesia. At operation a 
cholecysto-duodenal fistula was found. A stone was impacted in the com- 
mon bile duct just distal to the entrance of the cystic duct. The liver was 
mottled by small areas of brownish-yellow discoloration. The common bile 
duct was drained for 22 days following surgery. An infection with non- 
hemolytic Staph. albus and B. proteus developed around the drain on the 
sixth day and persisted until the nineteenth day. Otherwise the postop- 
erative course was uneventful. The right rectus wound healed per primam. 
The jaundice cleared rapidly after operation. Transfusions of 500 ce. of 
citrated blood were given on December 20, December 26, 1939 and Janu- 
ary 30, 1940. 

The prothrombin concentration was moderately diminished during the 
course of the cholangeitis and acute hepatitis, immediately following opera- 
tion, and after prolonged drainage of the common bile duct. In the inter- 
vals between these periods the prothrombin concentration was normal. 
Vitamin K; was administered from the second day following onset of the 
acute hepatitis to the day of the operation. After an initial delay, it 
appeared to be effective in correcting the hypoprothrombinemia of the 
acute hepatitis. It did not prevent a postoperative diminution in the 
prothrombin concentration. After drainage of the common bile duct was 
discontinued, the prothrombin concentration promptly returned to normal. 

Case 4.—-M. M., MZH 27926, white female, aet. 65. 

Diagnosis. Choledocholithiasis with obstructive jaundice; multiple pyo- 
genic abscesses of the liver. 

History. Present entry March 3, 1940. Patient had been a periodic 
alcoholic for many years. She had remained in good health until 5 days 
before a previous entry, February 16, 1940, when she experienced vomiting 
and a dull aching pain in the upper abdomen, associated with light-colored 
stools, dark urine and slight jaundice. At that time her abdomen was 
rigid and there was localized tenderness in the right upper quadrant. The 
heart was enlarged and there was a loud scratching systolic murmur at the 
mitral area. Blood pressure 110/80. There were scattered rdles over the 
lung fields. Laboratory data at that time revealed: 

Blood: Hgb. 83% (12.8 gm.), erythrocytes 4,570,000, leukocytes 18,000. 
Diff. count: neutrophils 93% (fil. 47%, non-fil. 46°), Mono. 7%. 

Icterus index: 32. 

The pain rapidly subsided 2 days later, and the patient left the hospital 
against the advice of her physician. She became more icteric, but the stools 
were never acholic. She had periods of intermittent fever to 102.6° F. 
Her only complaint was pain in the chest when rolling on the right side. 
On the afternoon of March 3, 1940, she had slight epistaxis due to bleeding 
from the excoriated tip of a spur on the nasal septum. The nose was 
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packed and the bleeding ceased. It recurred the same evening and the nose 
was repacked. Early the following morning she had the onset of severe epis- 
taxis. The nose was repacked, but the bleeding continued. She entered 
the hospital in.a moribund condition. At no time during her illness had 
there been any other evidence of a bleeding tendency. 

Laboratory Examinations. 


3/4/40. 3/440. 3/5/40. 
Date: aM.* 5 AM. 
Bleeding time (min.) 7h l 1 
Coagulation time (min.) 18 6} 4} 
Prothrombin concentration (%) 3 30 75 
Clot retraction index 31 13 41 


* 5 mg. vitamin Ks given intravenously. 

Capillary fragility: normal. 

Platelet count (per ¢.mm.): 380,000. 

Blood: Hgb. 80°; = 11.6 gm., erythrocytes 3,700,000. 

Urine: sugar ++++, bile ++. 

Icterus index: 75. 

The patient was given 5 mg. vitamin K, intravenously. Several hours 
later the bleeding stopped, the nasal packs were removed, and no further 
bleeding occurred. She expired the following morning. The autopsy 
revealed a stone in the common bile duct and multiple pyogenic abscesses 
(E. coli and Cl. Welchii) of the liver, with perforation through the dia- 
phragm into the right pleural cavity. Eight hours after the intravenous 
administration of 5 mg. vitamin Ks, the bleeding and clotting times were 
normal, the clot retraction improved, and the prothrombin concentration 
was elevated to 30°7. Twenty-four hours later the prothrombin concen- 
tratfton was 75‘;. This is an example of a satisfactory response to vitamin 
K therapy in a patient with severe liver damage. 

Case 5. A. M., MZH 28140, white female, aet. 52. 

Diagnosis. Carcinoma of the head of the pancreas with extensive meta- 
static invasion of bile ducts, inferior vena cava and the liver. 

History. Present entry March 26, 1940. In November, 1939, the patient 
began to lose weight and strength and complained of constipation, extreme 
nausea and vague epigastric distress. By January, 1940, she had lost 
22 pounds in weight. At that time a complete roentgenologic examination 
of the gastro-intestinal tract revealed no abnormalities. Cholecystograms 
revealed a sluggishly functioning gall bladder. The white blood cell count 
was persistently elevated (14,000 to 20,000 per ¢e.mm.). In January, 
1940, she developed edema of both legs and 10 days before entry to the 
hospital she had the onset of a progressively deepening jaundice. 

Physical Examination. Cachectic woman. Skin and sclere markedly 
icteric. Heart enlarged 2 em. to left of mid-clavicular line. Blood pressure 
150/100. Lungs clear. Abdomen: small amount of fluid present; marked 
collateral circulation, with direction of flow upward; liver enlarged, hard 
and slightly irregular, 8 em. belew right costal margin. Pitting edema of 
the legs. 

Laboratory Examinations. Bleeding and clotting tests: Figure 4. 

Capillary fragility: normal. 

Blood: Hgb. 72°,, erythrocytes 3,710,000, platelets 600,000, leukocytes 
18,500. Diff. count: neutrophils 93°; (fil. 40°7, non-fil. 53°7), eosino- 
phils L., Mono. 2%. 

Urine: bile ++-+4, urobilin negative, urobilinogen negative. 

Stool: bile negative, urobilin negative, occult blood negative. 

Teterus index: 100. 

Hippuric acid test: 3.81 gm. (March 28, 1940), 0.5 gm. (April 2, 1940). 
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Course. The patient failed rapidly and died on April 8, 1940. An 
autopsy revealed carcinoma of the head of the pancreas with extensive 
metastatic invasion of the bile ducts, inferior vena cava and liver. This case 
demonstrates a limited elevation of the prothrombin concentration following 
the administration of vitamin K. This may be encountered in some 
patients with extensive destruction of liver parenchyma. <A persistently 
prolonged bleeding time in the presence of only a moderate reduction in 
the prothrombin concentration is to be noted. 


OBSTRUCTIVE JAUNDICE AND METASTATIC CARCINOMA OF THE LIVER 
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Fic. 4.—The results of hemostatic tests in Case 5. 


Case 6.—C. G., U 54524, white male, aet. 63. 

Diagnosis. Portal cirrhosis of the liver. 

History. Present entry January 11, 1940. The patient had been a 
heavy drinker of alcoholic beverages during the greater part of his life, 
and during recent years had consumed approximately 1 gallon of wine 
daily. Four years before entry, he was found to have diabetes mellitus. 
For several months he complained of gas, bloating, belching, flatus, and 
had 3 to 4 watery stools daily. Three weeks before entry his abdomen 
became enlarged, his ankles swollen, and his urine dark in color. Much 
fluid had been removed from his abdomen before hospitalization. 


| 
| 
| 
| 
| 
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Physical Examination. Skin and sclerx slightly icteric. Brownish pig- 
mentation of hands, arms, head and neck. Liver dullness to fourth right 
intercostal space anteriorly. Abdomen markedly distended with fluid. 
Moderate infection about 2 of the 5 paracentesis wounds. Soft pitting 
edema from the knees to the feet. 

Laboratory Examinations. 


Date: 1/11/40. 1/13/40.*) 1/14/40. 1/15/40. 1/16/40, 
Bleeding time (min.) 4 5} 4} 4 5 
Coagulation time (min.) S 9 6 74 ba 
Prothrombin concentration (©) 55 60 60 60 60 
Clot retraction index 38 41 41 34 31 


* 30 mg. vitamin Ky, intravenously. 


Blood: Hgb. 85%, erythrocytes 4,200,000, leukocytes 3,600. Diff. 
count: neutrophils (fil. 65°7, non-fil. eosinophils L. 18°, 
Mono. 

Urine: green reduction of Benedict’s solution, urobilin + 1:20, urobilino- 
gen +1:20, bile negative, sediment negative for pigment after potassium 
ferrocyanide treatment. 

Stool: bloody, urobilin +, neutral fat +. 

[eterus index: 18. 

Rose bengal test: 68°; retention of dye in 8 minutes; 58‘; retention of 
dve in 16 minutes. 

Hippuric acid test: 2.15 gm. 

Kolmer and Kahn tests: negative. 

Course. On January 13, 1940, 5700 ec. clear straw-colored fluid was 
removed by abdominal paracentesis. The liver was found to be enlarged 
tf em. below the right costal margin. The spleen was barely palpable. 
The prothrombin concentration was not altered by the administration of 
30 mg. of vitamin K;. The clinical course was unchanged during the 
period of observation. 

Case 7. N.N., U 19628, Japanese male, aet. 38. 

Diagnosis. Primary carcinoma of liver (cholangioma). 

History. Present entry February 21, 1940. For many years the patient 
had consumed large quantities of aleoholie beverages. He lived in Japan 
until aet. 16. At aet. 19, he was ill for 1 month with abdominal pain, 
vomiting, fever and jaundice. He recovered and remained well until 
March, 1936, when he gradually developed weakness and severe epigastric 
pain, radiating to the right subscapular region and shoulder. The liver 
was tender, firm and enlarged 4 em. below the right costal margin. E. his- 
tolytica were found in the stools. The patient was given emetine hydro- 
chloride, 1 gr., hypodermically daily for 10 days. On the seventh day he 
hecame afebrile. He was subsequently treated with carbarsone and vio- 
form. E. histolytica could no longer be found in the stools. Although 
the jaundice cleared, the liver remained enlarged. The patient recovered, 
felt well, and returned to work. In August, 1937, he experienced chills, 
epigastric pain radiating to the right subscapular area, weakness, and 
recurrent attacks of fever. The liver was hard and irregular, and was 
enlarged 4 em. below the right costal margin. Amoebe were not found in 
the stools. Sigmvidoscopie and roentgenologic examinations of the gastro- 
intestinal tract were negative. The icterus index was 7. Urobilinogen 
was present in 1:30 dilution in the urine. The patient recovered under 
symptomatic treatment and felt well except for an occasional sensation of 
fullness in the epigastrium. Repeated physical examinations were nega- 
tive except for enlargement of the liver. In January, 1940, there was a 
recurrence of fever, chills, weakness, and epigastric pain radiating to the 
right subscapular region. He entered the hospital 6 weeks after onset of 
this attack. 
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Physical Examination. Poorly nourished Japanese male complaining of 
severe epigastric pain. Temp. 38.6° C. Skin and sclerz icteric. Abdo- 
men: marked collateral venous circulation with direction of flow upward; 
fluid wave and shifting dullness present; impossible to palpate liver because 
of rigidity and tenderness in the upper abdomen; large irregular mass in 
the epigastrium apparently connected to the liver. 

Laboratory Examinations. 


Date 2/25/40 2 /26/40.* 2/27/40 2 28/40 
Bleeding time (min.) 6 6} 7 64 
Coagulation time (min 10} 10 S 6) 
Prothrombin concentration (% 30 30 50 15 
Clot retraction index 31 30 32 34 


* 10 mg. vitamin Kg intravenously. 


Capillary fragility: moderately increased. 

Blood: Hgb. 82°;, erythrocytes 4,050,000, platelets 190,000, leukocytes 
15,600. Diff. count: neutrophils (fil. 70°;, non-fil. 18°7), L. 10, 
Mono. 2%. 

Stool: occult blood negative, ova and parasites negative. 

[eterus index: 75. 

tose bengal test: 86°) retention of the dye in 8 minutes, 81‘; in 16 min- 
utes. 

Plasma fibrinogen: 1.21°;. 

Plasma ascorbic acid: 0.19 mg. per 100 ce. 

Kolmer and Kahn tests: negative. 

Course. Roentgen examination revealed a markedly enlarged liver, 
pressure deformity of the duodenum due to a large mass in the epigastrium, 
and marked thickening of the pleura in the right lower chest. On Febru- 
ary 26 the patient developed oliguria, coma and involuntary muscular con- 
tractions. The N.P.N. was elevated to 109 mg. per 100 cc. He expired 
on February 28, 1940. At autopsy he was found to have had chronic 
cholecystitis, large intrahepatic stones, and a primary carcinoma of the 
liver, originating in the bile ducts. 

The bleeding time was slightly prolonged and the clotting time at the 
upper limits of normal. The prothrombin concentration was low and the 
clot retraction poor. There was a slightly increased capillary fragility, 
which was probably due to vitamin C deficiency. The platelet count was 
moderately low. Following the intravenous administration of 10 mg. vita- 
min K;, there was a slight shortening of the clotting time, and a slight 
elevation of the prothrombin concentration. The bleeding time and clot 
retraction index were not significantly altered. 


Comment. No significant correlation was found to exist between 
the results of the oral hippuric acid liver function test and the 
prothrombin concentration, either before or after the administra- 
tion of vitamin Kk. Patients with evidence of severely impaired 
liver function were found to have normal prothrombin concentra- 
tions, low prothrombin concentrations which could be elevated to 
normal following the administration of vitamin K, or hypoprothrom- 
binemia, which was completely refractive to vitamin K therapy. 

We have found that in acute diseases of the liver, such as hepatitis, 
or acute yellow atrophy, that the prothrombin concentration may 
be normal or markedly diminished, and that fluctuations in its 
level appear to be conditioned by the severity of the illness, and that 
the responses, if any, to the administration of vitamin K are usually 
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delayed. When there is chronic diffuse liver damage such as occurs 
in portal cirrhosis, there may be a low prothrombin concentration 
which is usually refractive to the administration of vitamin kK. 
Extensive destruction of liver parenchyma by infection or by 
primary or metastatic carcinoma is usually accompanied by a low 
prothrombin concentration, which may be moderately elevated fol- 
lowing the administration of vitamin Kk. In obstructive jaundice, 
the prothrombin concentration may be diminished, depending upon 
the degree and duration of the obstruction, and upon the type and 
extent of the concomitant liver damage, and following the adminis- 
tration of vitamin Kk, it is usually elevated to normal. When 
obstructive jaundice is complicated by extensive destruction of liver 
tissue, the response to vitamin K may be limited. 

A question of great interest at the present time is whether the 
prothrombin concentration can be used as a liver function test, 
provided that an adequate supply of vitamin Kk is available for the 
liver. In general, when one function of the liver is impaired, there 
is usually some disturbance of all other functions. The exceptions 
to this rule are so numerous, however, that no single liver function 
test can be said to measure the total functional capacity of the liver. 
Reduction of the prothrombin concentration under certain circum- 
stances, may, and under others may not parallel alterations of the 
known functions of the liver. If the following assumptions can be 
made: 1, that prothrombin is manufactured exclusively by the 
liver; 2, that our present indirect methods actually measure pro- 
thrombin; 3, that vitamin K is the only dietary substance concerned 
in the manufacture of prothrombin; and 4, that prothrombin must 
not be utilized, destroyed, or inactivated except by catabolic proc- 
esses progressing at a constant rate; then the prothrombin concen- 
tration after adequate administration of vitamin K would appear to 
be a measure of the ability of the liver to produce prothrombin. 

Summary. 1. No significant correlation was found between the 
results of the hippuric acid liver function test and the plasma pro- 
thrombin concentration in various diseases either before or after the 
administration of vitamin k. 

2. Patients with severe impairment of liver function as demon- 
strated by the hippuric acid test may, at the same time, have a 
normal prothrombin concentration. 

3. Plasma prothrombin concentration may be elevated to normal 
following the administration of vitamin k, despite markedly im- 
paired liver function as shown by the hippuric acid test. 

1. Failure to recover from hypoprothrombinemia following the 
administration of vitamin K cannot be correlated with the degree of 
impaired liver function as shown by the hippuric acid test. 

5. Regardless of the results of liver function tests, it has been 
found that: (a) In acute diseases of the liver such as acute hepatitis 
and acute yellow atrophy, the fluctuations in the prothrombin con- 
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centration are conditioned by the severity of the illness and are not 
ordinarily influenced by the administration of vitamin Kk. ()) In 
chronic diffuse diseases of the liver, such as portal cirrhosis, there 
may be a low prothrombin concentration which is usually not 
elevated following the administration of vitamin Kk. (¢) In obstrue- 
tive jaundice, there may be a low prothrombin concentration which 
usually can be significantly elevated by the administration of vita- 
min kK. When obstructive jaundice is complicated by severe liver 
damage, the response to vitamin Kk may be limited. 


The authors are greatly indebted to Dr. William J. Kerr for permission to use the 
data in Case 2, to Dr. T. L. Althausen for the data in Case 6, and to Dr. F. I. Harris 
and the staff of the Mt. Zion Hospital for many courtesies and for permission to use 
the data in Cases 4 and 5. 
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SOME BACTERIOLOGIC OBSERVATIONS ON PNEUMONIA. 
By Mark M. Bracken, M.D. 


DEMONSTRATOR IN MEDICINE, UNIVERSITY OF PITTSBURGH; ASSISTANT IN MEDICINE 
AND BACTERIOLOGY, MERCY HOSPITAL, PITTSBURGH, PA 

DurinG the past 5 vears we have instituted a bacteriologic pro- 

cedure in the study of pneumonia which, although incomplete, 

vields us data that aid in the analysis of individual cases and series 
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of cases. This paper deals with a statistical analysis of the varia- 
tions in bacteriology of the pneumonias at Mercy Hospital from 
July, 1935, to June, 1940. 

We have thought it best to include the months of July 1 to June 30 
of the following vear as representing each pneumonia year, although 
in one of the tables the vears are further subdivided into 6-month 
periods to bring out further details. 

Each pneumonia patient on admission has blood drawn for culture. 
One cubic centimeter of the blood is mixed with 15 ec. of hormone 
veal agar, buffered at pH 7.2, and a poured plate made. Ten cubic 
centimeters of blood are cultured in 100 ce. of hormone veal broth 
buffered at pH 7.2. Blood culture is repeated daily on all patients 
until there is definite clinical improvement. Sputum is obtained 
as soon as possible after admission. The analysis includes a direct 
microserologic test for the type of Dip. pneumonixw (Neufeld reac- 
tion); direct smears stained by Gram and Ziehl-Neelsen’s methods; 
mouse inoculation; and culture on blood agar to identify the various 
types of bacteria present. The mouse inoculation not only verifies 
the type of Dip. pneumonia, but also aids in isolating H. influenzae, 
which we have found often grows well in the peritoneal cavity in 
conjunction with Dip. pneumoniz. 

If the specimen of sputum is unsatisfactory, or if the course of the 
pneumonia is unusually prolonged, a second or third specimen is 
secured. If the patient produces no sputum within the first 12 
hours after admission, a pharyngeal swab is secured for preliminary 
study. 

During the last 2 vears of the study, identification and classifica- 
tion of all organisms have been made according to Bergey's Manual 
of Determinative Bacteriology. Previous to that time the strepto- 
cocci were Classified only by the type of hemolysis. We have not 
used the Lancefield grouping on the streptococci in this series. Dr. 
Maud Menten at the Children’s Hospital in Pittsburgh has found 
that about 90° of the beta-hemolytic streptococci isolated from the 
upper respiratory tract in children during this period belong to 
Lancefield group A The staphylococci which will be mentioned 
in the paper are all Staphylococcus aureus, coagulase positive, and the 
great majority are hemolytic. Micrococci and other species of 
staphylococci have been excluded. No particular attention has been 
paid to any of the other microérganisms of the respiratory tract 
except //. influenze and Klebs. pneumoniz. We have isolated various 
species of Klebsiella from sputum and once from the lung and blood 
at autopsy (Alebs. ozaenx). Since none of these was Alebs. pneu- 
monte, and because in none of the cases was there sufficient justi- 
fication clinically or pathologically to call it a Friedlander’s pneu- 
monia, we have not included this microérganism in our analysis. 

The series includes 842 consecutive cases of adult pneumonia 
(over 15 years of age) admitted to the hospital from July 1, 1935, to 
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TABLE 1.—GENERAL STATISTICS. 


Cases with Results of 
Total adequate bacteriology blood cultures 
Mean 
Yea age 
Dip Dip 
Cases Deaths rotal pneumonia Total pneumonia 
isolated isolated 
1935-19386 2 122 16 (38% 111 111 (100% 121 38 (31% 
1936-1937 10 179 79 (44%) 15S 151 (96% 175 63 (36% 
1937-1938 +0) 192 72 (37% 187 IS] (97% 189 55 (29% 
1938-1939 14 158 63 (40%) 156 | 145 (93% 152 50 (33% 
1939-1940 51 191 60 (31°) 174 151 (87% 180 44 (24% 
Total S42 320 (38% 786 739 (94% 817 250 (31° 


TABLE 2 ANALYSIS OF Dip. PNEUMONI® TYPES 


1935-1936.| 1936—1937.| 1937-1938.) 1938-1939.) 1939 1940 Total 

rypes Cases. %. | Cases %. | Cases. o/ Cases. % Cases. % Cases. % 
I 17 5 25 li 20 11 17 12 19 13 98 13 
II 14 1 33 2 | 60 32 27 #419 150 22 
Ill 17 5 22 15 17 24 17 30) 110 15 
I\ 4 3 2 13 ) 31 
\ l Q 6 9 5 6 34 5 
VI l l l 3 2 6 l 
Vil 7 7 5 10 7 10 18 6 
VIII 9 Ss s 5 6 3 12 S 17 ll 52 7 
IX 3 3 2 2 12 
X 5 5 3 3 2 2 l 15 
XI 3 3 1 2 1 2 9 
XII l 3 2 2 } 3 3 2 13 
XIII l 2 5 
XIV 2 1 2 3 2 S 
XV l l 2 
XVI 3 2 3 2 6 
XVII ] 1 


XVIII 2 2 2 3 2 fF) 
1 2 1 
xX 5 5 2 l 2 | 11 
XXI 
XXII l 2 3 
XXIII l 
XXIV 2 
XXV 6 5 3 2 3 2 l 14 
XXVI l 
XXVII 2 l 
XXVIII l 2 3 2 2 8 
XXIX 2 7 
XXXI ] 2 3 
XXXII 3 2 l } 
Not types I to 

9 Ss 14 9 23 13 l 5 55 r 
Multiple types* 2 10 


* Eighteen patients who had more than one type in various specimens are placed 
in the group which corresponded with the type of Dip. pneumonia found either in 
the blood or in the lung at autopsy. 


= 
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June 30, 1940. The cases were proved to be pneumonia by Roentgen 
ray or autopsy, the latter in the small group of postoperative pneu- 
monias, where clinical, bacteriologic and Roentgen ray study were 
deemed inadequate for accurate diagnosis in many cases. No effort 
has been made in this paper to separate specifically treated from 
untreated cases. 

‘Table 1 shows general statistics for the 5 vears. The column 
labelled “Cases with Adequate Bacteriology” included cases who 
had either sputum and blood culture analyses, or bacteriologic 
study of autopsy material. 

In Table 2, which shows the type incidence of Dip. pneumoniz, 
it will be noticed that the yearly incidence of Types I, III, V, VII 
and VIIT has been fairly constant. On the other hand, there has 
been a marked variation in incidence of Type Il. This variation 
follows a curve which reaches its peak in the vear 1937-1938. It 
suggests an epidemic due to Type II during the period studied. 
The increase in incidence of Type III in the year 1939-1940 may 
possibly be accounted for by the fact that the mean age for this 
group is higher than that of any other year (Table 1). 


Tasie 3.—Die. Preumont® Bacteremia. Jury, 1935, To JuNgE, 1940. 


Dip. pneumonize 
bacteremia, 


Type. Total cases. Cases. %. 
I QS 31 31.6 
I] 150 91 60.7 
110 37 33.6 
I\ 31 10 32.3 
\ ‘ 34 13 38.3 
VI ‘ : 6 2 
52 18 34.6 
IX ‘ 12 4 
X 15 3 20.0 
XX 11 4 
XXII 3 1 
XX\ ‘ 14 
XXXII 4 2 
Not Types Ito XXXII . 55 3 


Table 3 illustrates the per cent invasiveness of the various types 
of Dip. pneumoniz, as determined by the incidence of pneumococci 
bacteremia. An outstanding point to be noted here is the very high 
degree of invasiveness of Type II. There is no great variation in the 
invasiveness of any type from year to year, except in 1939-1940 
when the percentage of bacteremias of Type II dropped to 40. 

The occurrence of more thanone type of Dip. pneumoniz in a single 
specimen of sputum was found in a few cases each year. In the 
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majority of these the type acting as a causative agent in the pneu- 
monia could be determined by repeated sputum examinations or 
blood culture. Lung puncture has not been used as a bacteriologic 
procedure in this series. It is interesting to note here that one case 
showed Dip. pneumonie Type IL on repeated examination of 
sputum, and Type I in the blood at the same time. Another case 
having Type I in the sputum had a Type II bacteremia. 

Since December, 1936, we have seen clinically a different type of 
pneumonia than the usual typical croupous infection. The clinical 
observations have been substantiated by postmortem examinations. 
This variation from the relatively pure pneumococcic pneumonia 
was described by us in 1937,? when we used the term post-influenzal 
pneumonia. It has been noted in other localities, particularly by 
Reimann‘ who referred to it as atypical pneumonia. We now think 
it better to call this a mixed infection pneumonia because of the 
varied clinical, bacteriologic and pathologic pictures. The mixed 
infection has been much more common in our district in the past few 
vears than croupous pneumonia. Because virus studies are lacking 
in our cases we do not know what réle such infectious agents have 
played in the disease. However, we accept the fact that they are 
in all likelihood present in the early stages. 


TABLE 4.—INCIDENCE OF STREP. PYOGENES, STAPH. AUREUS AND H. INFLUENZ®. 


Per cent 
70 


Strep. pyogenes 
Staph. aureus --------- 
60f 4H. Influenzae 


40 

30 

20} 

0 
1935 1936 1937 1938 1939 1940 


Table 4 shows the relative incidence of Strep. pyogenes, Staph. 
aureus and H. influenze isolated from sputum, blood or lung at 
autopsy in pneumonias. The graph illustrates the variation in 
occurrence of these organisms during the 5 years. It is interesting 
that during the period when H. Influenze was frequently found, the 
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cases developing meningo-encephalitis occurred and several autopsies 
revealed Zenker’s degeneration of recti muscles. Also, since Janu- 
ary, 1939, when there was an increase in the percentage of cases 
showing Staph. aureus, multiple lung abscesses have been a frequent 
finding at autopsy. 

Strep. pyogenes was found in the blood during life in 6 cases, and 
in | of these Dip. pneumonie# was present in the blood at the same 
time. ‘These 6 cases occurred at scattered periods during the 5 
vears. Staph. aureus was present in the blood in 21 cases and all 
but 2 of these occurred from January, 1939, to June, 1940. H. in- 
/luenze# was never isolated from the blood, either during life or at 
autopsy. Many of the cases with streptococcic or staphylococcic 
bacteremia had two or more consecutive daily positive blood cul- 
tures. 


5 ANALYSIS OF Most Common CompuLicaTions. Juty, 1935 To Jung, 1940. 


Microorganism found in lesion. 


Di p. Stre p Staph. 

Lesion. Cases. pneumonia. pyogenes. aureus. 
34 24 6 4 
Acute meningitis 4 4 
Acute endocarditis 6 4 2 
Acute pericarditis 4 1 3 
Multiple abscesses of lung 21 S 4 9 
Pleural effusion (sterile) 22 
Acute meningoencephalitis (sterile) 13 
Delayed resolution ; ; 133 


‘Table 5 is shown primarily to list the causative organisms in the 
main complications which have occurred. Many of the bacteriologic 
findings are from cultures of autopsy material. It is noteworthy 
that all the cases of pleural effusion and meningo-encephalitis 
occurred from July, 1937, to June, 1940, and as we have mentioned 
above, the majority of the cases of multiple lung abscesses have 
occurred since January, 1939. For purposes of comparison we have 
included in the list of delayed resolution all cases who ultimately 
recovered without other complications, who had fever and clinical 
signs lasting longer than 12 days. There was a gradual increase in 
incidence of this complication over the 5-year period, the number of 
cases being 5, 16, 25, 36 and 51, respectively. It may be possible 
that some of these cases had developed multiple lung abscesses, but 
proof of this is lacking. 

The bacteriology of autopsy material has borne out the findings 
during life. Table 6 gives the frequency of the four microérganisms 
isolated from the lung at autopsy. The cases have been separated 
into the two main pathologic groups to demonstrate the fact that 
the microérganisms other than Dip. pneumoniz occurred much more 
frequently in the mixed infection group than in the lobar or broncho- 
pneumonias. Few of the autopsies performed on pneumonias in 
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the period from July, 1935, to January, 1937, were of the post- 
influenzal or mixed infection types pathologically. 


TABLE 6 BacrerioLocic Data From Autopsy Mareriat 
JANUARY, 1937, TO JUNE, 1940 
Lobar pneumonia or Post-influenzal or 


bronchopneumonia mixed infection pheumonia 
Microorganism 


isolated Cases % Cases % 
Dip. pneumonia 31 64.6 22 59 5 
Strep. pyogenes 7 14.5 13 35.2 
Staph. aureus 11 23.0 23 62.2 
H. influenza 2 2 1] 29.8 
Total No. cases iS 37 


It may be appropriate here to outline the most characteristic 
pathologic findings in the postinfluenzal or mixed infection pneu- 
monias. Influenza, as has been described a number of times in the 
past, is characterized by an ulcerative tracheitis, bronchitis and 
bronchiolitis without alveolar exudate, and is in all likelihood 
virus disease from which //. influenzx# may also be isolated. When 
secondary infection due to any of the bacteria of the respiratory tract 
(most commonly pneumoniae, Strep. pyogenes or Staph. aureus) 
is superimposed, a serous, hemorrhagic or purulent pneumonia 
results, and may he characterized by interstitial pneumonitis, 
infected thromboses of pulmonary blood-vessels, and multiple lung 
abscesses.! It is ot course possible to find all gradations of involve- 
ment in a lobular pneumonia which may advance to form a coalescing 
pneumonia that is lobar in distribution. 

We have found it difficult to separate the pneumonias into dis- 
tinct groups: pure pneumococcic pneumonia and mixed infection 
pneumonia. It must also be remembered that pure streptococcic 
or staphylococcic pneumonia occur. In the group of lobar pneu- 
monias shown in Table 6 there were 2 cases from which all cultures 
yielded pure growths of Strep. pyogenes; and 1 lobar and 1 broncho- 
pneumonia in this group were pure Staph. aureus infections. Iso- 
lation of Strep. pyogenes, Staph. aureus or H. influenze in addi- 
tion to the pneumococcus, whether from clinical or postmortem 
material, must be considered with reserve, until there is some con- 
firmatory evidence of mixed infection. Any of the microérganisms 
which may be responsible for the pneumonia may also be present in 
the respiratory tract without acting in the infection. 

Conclusions. 1. |)uring the 5 vears from July, 1935, to June, 1940, 
there has been a marked variation in the bacteriology of pneumonia 
patients in this series. 

In addition to Dip. pneumoniz, Strep. pyogenes, Staph. aureus 
and H. Influenze have appeared to play a major réle i in pneumonitis 
in this district. 

Dip. pneumoniz Type II has varied greatly in incidence during 
this period, and assumed almost epidemic proportions in 1937-1938. 
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4. Dip. pneumonizx Type I has shown greater invasiveness of the 
blood than any other type. 
The author wishes to express his thanks to Drs. W. W. G. Maclachlan and H. H. 
Permar for their advice in the preparation of this paper. 
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VITAMIN E IN THE TREATMENT OF FIBROSITIS.* 


By LeRoy B.S., M.D., 
PHYSICIAN IN-CHARGE, ARTHRITIC CLINIC, ASSOCIATE PHYSICIAN, ROCHESTER GENERAL 
HOSPITAL, ROCHESTER, N. Y,. 


Evans and Burr‘ were the first investigators to describe a spastic 
paralysis occurring in the suckling young of rats when the mothers 
are deprived of vitamin E. At 21 days these sucklings begin to 
show difficulty in regaining their limbs when placed on their backs. 
The disease increases in severity during the ensuing 4 to 5 days 
and by the twenty-fifth day of life practically all the animals 
destined to develop the disease will exhibit it. About 35% of 
the affected animals die, 179% recover completely, and 48% con- 
tinue to exhibit paralysis of some limb or body group of muscle 
throughout life. There are marked variations in these results. All 
attempts to cure the disease after it has been established for several 
days fails. However, the disease is prevented if the mother’s diet 
is shifted from a vitamin E deficient diet to one rich in vitamin E 
on the day of birth of the rats. It is already too late to forestall 
disaster if the shift to a vitamin E rich diet is delayed until the 
earliest appearance of paralysis in any member of the litter. Einar- 
son and Ringsted® have shown that diets deficient in vitamin E will 
cause similar changes in adult rats. Blumberg,? Madsen,® Morgulis 
and Spencer,’ Morgulis, Wilder and Spencer’ have stressed the im- 
portance of deficient vitamin E diets causing primary muscular 
dystrophy. 

Three clinicians have recently reported excellent results in the 
use of vitamin E or the synthetic tocopherols in the treatment of 
primary muscular dystrophies or of muscular dystrophies resulting 
from neurologic conditions. Bicknell' gave 4 ounce of dried wheat 
germ to 18 patients with muscular dystrophies. Improvement was 
noted in 12 cases and no improvement in the remaining 6 cases. 
The period of treatment varied from 6 weeks to 18 months. The 
shortest period of treatment in the improved group was 2 months. 
Wechsler'® described 2 cases of amyotrophic lateral sclerosis that 
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improved by treatment with a synthetic vitamin E (dl-alpha- 
tocopherol). Stone® reported excellent clinical improvement in 
5 children with muscular dystrophy, 1 child with muscle atrophy 
following anterior poliomyelitis, and 1 child with muscle atrophy) 
after an attack of multiple neuritis. He employed 2 to 6 cc. of 
wheat germ daily. 

These experiments and clinical reports, particularly those con- 
cerning the muscle changes associated with vitamin E deficiency, 
stimulated the writer to try the clinical effect of vitamin FE in the 
treatment of fibrositis. This condition may be defined as an 
inflammatory reaction of fibrous connective tissue present anywhere 
in the body. The pathologic picture found in fibrositis and that 
described by Pappenheimer® as occurring in ducklings on a deficient 
vitamin E diet are practically alike except for the new formation of 
palpable fibrous nodules. Fibrositis may occur as a primary disease 
or as a secondary disease. Internists are familiar with the muscle 
pain, swelling and pain associated with atrophic arthritis or gout. 
They have seen painful swollen burs associated with many of the 
rheumatic diseases. Very few, however, are familiar with the 
disease as a primary one. Many common diseases are in fact evi- 
dences of primary fibrositis but masquerade under various titles. 
These are variously diagnosed as lumbago, torticollis, muscular 
rheumatism, tendinitis, periarticular fibrositis, panniculitis, myositis, 
and so on. <A working classification of diseases of the muscles is 
given below. 


I. PARENCHYMATOUS Myositis. (a) Suppurative b) Nonsuppurative 

Il. Myopatuies. <A. Primary myopathies. 1. A heterogeneous group such as 
pseudohypertrophic, fascio-scapulo-humeral, bulbar, juvenile scapular, in- 
fantile hereditary. 2. Myasthenia gravis. 3%. Amyotonia congenita. 4. 
Myotonia congenita. 5. Myotonia atrophica. B. Progressive nuclear 
muscular atrophy. 1. Mainly of small muscles of hands. 2. Hereditary, 


familial, of infaney and childhood. 3. Subacute and chronic poliomyelitis 
4. Progressive bulbar palsy. 5. Chronic progressive opthalmoplegia 

Ill. InverstiT1IAL Myositis. A. Myositis ossificans. 8B. Intramuscular fibrosi- 
tis. 1. Primary (muscular rheumatism, lumbago, torticollis, ete 2 
Secondary (atrophic arthritis, rheumatic fever, gout, ete 


Wheat germ oil was given in doses ranging from 2 to & cc. to 
$2 patients: 30 cases of primary fibrositis, 20 cases of fibrositis 
secondary to atrophic arthritis, 20 cases of fibrositis secondary to 
hypertrophic arthritis, 1 case of fibrositis secondary to gout, 3 cases 
of sciatica (cause unknown), and 8 neurotic patients. All these 
cases had been observed for a period of 3 months to 2 years under 
different methods of therapy such that their clinical status at the time 
of beginning vitamin E therapy was “stabilized.””. The wheat germ 
oil was taken in equally divided doses 3 times daily. The oil was 
taken in a tablespoon of milk at meal time. Many patients com- 
plained of the unpalatable taste, or that the oil repeated. The 2 
patients reported in this paper as having taken the vitamin FE molec- 
ular distillate, that contained 40 mg. of alpha tocopherol in each 
capsule, noticed no unpleasant taste or other untoward gastric 
effects. 
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‘Thirty cases of primary fibrositis were treated with vitamin E in 
doses of 2 to 8 cc. daily and all were completely relieved of all 
symptoms. Two of this group had only mild relief from symptoms 
after having received 3 cc. of wheat germ daily for 4 weeks. These 
2 cases were then given a vitamin E molecular distillate containing 
120 mg. of naturally occurring alpha tocopherol daily. They were 
completely relieved of all symptoms after | week of such therapy. 

‘Twenty cases of atrophic arthritis with secondary fibrositis were 
given 2 to S ce. of wheat germ daily over a period of 2 to 4 months. 
Right noticed definite improvement in muscle soreness and stiffness. 
Twelve patients experienced no relief. 

Twenty cases of hypertrophic arthritis with secondary fibrositis 
were given 2 to 6 cc. of wheat germ daily over a period of from 2 to 
(} months and none noticed improvement in the soft tissue structures. 

One case of gout was given 4 cc. of wheat germ daily for a period 
of 4 weeks without relief from the extreme muscle soreness. 

Three cases of sciatica, cause unknown, were given 4 cc. of wheat 
germ daily for a period of 4 weeks without relief. 

Kight patients diagnosed as psychoneurotics (“psychosomatic 
rheumatism’’) were given wheat germ oil over a period of 2 to 
3 months without relief. These were all later relieved by the giving 
of barbiturates or bromides. 

Summary. Vitamin FE is of value in the treatment of primary 
fibrositis. Some of the more severe cases may require the more 
concentrated preparation of vitamin E to obtain a complete result. 
Vitamin FE is of little value in the treatment of secondary fibrositis. 
These studies tend to indicate that primary fibrositis may be a 
metabolic rather than an infectious process. 
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THE QRS COMPLEX IN PRECORDIAL LEADS IN ANTERIOR 
WALL INFARCTION. TRUE AND FALSE INFARCTION 
CURVES. * 

By Vacn Morrensen, M.D., 

COPENHAGEN, DENMARK. 

From Medical Department, Skive Hospital, Skive, and from Medical Department B, 
Bispebjerg Hospital.) 
kom the numerous works that have been published in recent 
ears on the value of precordial leads in clinical electrocardiography 


* It has not been possible for the author to see the proof of this manuscript.— 
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it is evident that such leads are particularly serviceable for the 
diagnosis of anterior wall infarction. 

Wilson et al.” described in 1933 the absence of the initial positive 
deflection as a typical change in the QRS complex in anterior wall 
infarction. In the new terminology, which will be employed 
throughout in the following, this phenomenon is called absence of 
the R wave in the QRS complex in prec ordial leads. 

Subsequently, this finding was confirmed by numerous investiga- 
tors. Some authors’ '’ found that the absence of & in anterior wall 
infarction is not always complete, and that there may be left a 
little remnant of the R wave in the form of a small initial positive 
deflection. Other authors'® emphasize that only the complete 
absence of R is characteristic of anterior wall infarction, although 
a diminished R wave (less than 2 mm.) is suggestive of myocardial 
degeneration. Bohning and Katz! state that a diminished R wave 
indicates coronary sclerosis. 

As well as the typical change in the QRS complex in anterior wall 
infarction, some deviating QRS changes have been described in the 
course of time. Thus, in 1934 Wood and Wolferth!” described 
W-formed, “ bizarre’’ QRS complexes. In 1936 the writer'* showed 
that in addition to the classical abnormality of the QRS complex 
complete absence of the R wave—there was also a splitting of the 
remaining negative part of the QRS complex in 2 of his 3 cases, and 
a suggestion of such a splitting in 1 case. Furthermore, a serial 
examination showed that this splitting during the course of illness 
may vary in size and finally become so large that an apparently 
normal QRS complex with an apparently normal R wave results. 
It was pointed out, however, that this QRS complex differs essen- 
tially from the QRS complex that was present before the infarction 
in this respect, that the R wave is not an initial positive deflection 
but is preceded by a little Q wave. Langendorf and Pick® in 1938 
were able to confirm this finding. In 1936, Faleiro® reported that 
the QRS complex in an apex lead may be normal. 

In experimental] studies, Wilson et found the classical 
infarction curves with lacking R wave, consisting of a single nega- 
tive deflection, and also deviating W-shaped QRS complexes, in 
which the individual components were subject to great variability. 
The first mentioned complexes were found in particular over the 
central parts of an experimental infarct, while the deviating QRS 
complexes were found over the marginal areas. Kossmann and 
de la Chapelle’? have analyzed 4 cases of anterior wall infarction on 
this basis, designating the two types of QRS complexes respectively 
as the “central” typeand the “marginal” type. Apart from this, 
the experimental studies of Wilson and collaborators have had {but 
slight effect on subsequent clinical work. Also in the most lrecent 
works on the changes in precordial leads in anterior wall infare- 
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tion?" the QRS changes in typical cases are described as disap- 
pearance of the R wave. 

Author’s Studies on the Analysis of the QRS Changes in Precordial 
Leads in Cases of Anterior Wall Infarction. In my own studies on 
the QRS changes in precordial leads in anterior wé all infarction these 
changes are found to be so polymorphous that they can be described 
only in a few of the cases by absence of the R wave or by lack of 
an initial positive deflection—as is customary in clinical works. 
The QRS complexes that are not characte rized suffic iently by this 
description are so numerous that it really is misleading to designate 
them as deviations, with the “classical’’ changes being set up as 
the rule. 

The writer’s material of cardiac infarction includes 23 cases of 
clear-cut anterior wall infarction that will be reported in detail in 
a subsequent work. In these 23 cases a total of 192 electrocardio- 
grams were taken in 5 leads; in the 3 conventional leads from the 
extremities and also CF, and IVF.* 

Figure | shows two normal QRS complexes (Ja and /b) in CF, 
and IVE respectively, and different types of QRS complexes ob- 
tained in some of the writer's cases of anterior wall infarction. Jn 
20) of these 23 cases the QRS complex in CF: and IVF represented one 
of the pathologic types shown in Figure 1, and this phenomenon was 
observed in all the records, the time relation of which to the acute attack 
has varied from a few hours to several years. Of the remaining 3 cases, 
2 showed a QRS complex of one of the recorded types in CF, and 
IVE respectively. Thus only in 1 case did the tracing show a 
deviating QRS complex in both precordial leads; and this deviation 
consisted in the presence of an initial positive deflection. 

The deviation from the normal QRS complexes (Ja and 1b) that 
characterizes all these apparently widely different QRS complexes 
is the presence of an initial negative deflection. 

It will be noticed at once that the classical description of the 
changes in the QRS complex in anterior wall infarction as absence 
of the R wave covers only some of the cases. Further, it is seen 
easily that the expression “absence of initial positive deflection,” 
as well as the analogous expression “presence of initial negative 
deflection,’ suggested above, is insufficient to characterize all the 
different types of infarction curves. 

Classical infarction curves of the type which usually is described 
is characteristic of anterior wall infarction are shown in Figure 1, 
fe and Id (Leads IVF and CF, respectively). These QRS com- 
plexes quite correspond to the QRS complexes obtained by Wilson 
t al. from the middle of an experimental infarct extending clear 
through the wall of the ventricle. Such a QRS complex is 
‘haracterized by complete absence of the R wave, its upward 

* CF»: from the fourth left intercostal space just outside the sternal border to 
he left leg. IVF: from the apex to the left leg. 
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“preintrinsic’’) deflection as well as the downward (“intrinsic’’), 
as the prerequisites of such deflections are lacking. So the 
initial negative deflection has to be looked upon as a funda- 
mentally new deflection, brought about by the infarct, and desig- 
nated by Wilson ef a/. as a Q wave. In analogy to this, the QRS 
complexes shown in Figure 1, /e and /d, may be said to be charac- 
terized by the appearance of an initial negative deflection in connection 
with a complete abolition of the R wave. QRS complexes of this type 
are to be characterized as typical central curves. 


Fic. 1 (1/1 natural size. 1 mV = 1 ecm Two normal ventricular complexes 
la and 1h) and different types of ventricular complexes from the writer's cases of 
anterior wall infarction. 


The QRS complex (Lead CF:) shown in Figure 1, 3b, represents 
a type which corresponds closely to the ORS complexes obtained 
by Wilson et al. from the marginal parts of an experimental infarct, 
or from an infarct extending only through the inner layers of the 
ventricular wall, which have been called QRS complexes of marginal 
type. Such a QRS complex must be interpreted as resulting from 
a new initial negative deflection preceding the R component (i. e., 
a () wave); this is followed by the “ preintrinsic”’ and “intrinsic” 
deflections of the R wave, the latter of which will usually appear 
in the form of a steep hair fine line. So this QRS complex is 
characterized by the appearance of the Q wave and a preserved, pos- 
stbly reduced, R wave. 

Also the QRS complexes shown in Figure 1, 3a and 2d, are of 


a Cc d 
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inarginal type, containing the same components as in the preceding 
case. These QRS complexes are characterized by the appearance of 
an initial negative deflection (a Q component) and a diminution of 
the R wave. After the usual conception, in these cases one would 
say there is a complete absence of the R wave and the remaining 
part of the QRS complex is notched. 

Figure 1, 2e shows a QRS complex which greatly resembles the 
typical central QRS complex in /d. In the initial descending deflec- 
tion, however, there is a small but distinct notch— representing the 
R wave of a similar localization to that of the somewhat greater 
splitting seen in 2d. So this QRS complex is characterized by the 
appearance of an initial negative deflection and almost complete 
abolition of the R wave. 

The QRS complex in 2b is to be interpreted in a similar manner, 
even though we here meet with two splittings, so that it is more 
difficult to determine what parts of the QRS complex correspond to 
the R component. 

If the abolition of the R wave is even more pronounced, the result 
may be QRS complexes that differ from typical central curves 
merely in this respect, that a small node is found on the initial 
descending deflection, marking the remnant of the R component. 

The QRS complex in Figure 1, 2a differs from the others, and yet 
it may be analyzed after the same principles. Thus we find here 
an initial negative deflection (Q wave) followed by the ascending 
limb of the #2 wave, whereas the descending limb (“intrinsic deflec- 
tion”’) is completely absent. This QRS complex is characterized 
by the appearance of an initial negative deflection and partial abolition 
of the R wave (involving only the “intrinsic deflection’’). 

Finally, Figure 1, de and 3d, shows some QRS complexes (both 
from IVF) which look a great deal like normal QRS complexes. 
In both cases, however, there is an initial negative deflection 
( wave). So these QRS complexes are characterized by the 
appearance of an initial negative deflection and a preserved (or pos- 
sibly diminished) R wave. In IVF there may normally be a little 
() wave preceding a large R wave. So marginal QRS complexes 
with a small Q component and a large R component preserved in 
Lead IVF cannot by themselves be distinguished from normal 
ORS complexes; but as a rule they may be recognized through com- 
parison with the QRS complex in CF». 


From this analysis of the infarction curves shown in Figure | it 
is evident that although they differ greatly in appearance they still 
have certain fundamental features in common, so that there may be 
said to be only a difference of degree between the different complexes. 
Actually there is a quite gradual transition from the classical 
infarctions, designated as pure central curves (Fig. 1, /¢ and /d), 
through apparently typical curves with node formations and small 
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notches (2b, 2e and 2d) to typical, so-called marginal, QRS com- 
plexes with a “splitting” so large that it has to be designated as 
an R wave (8a, 3b, 3¢e and 3d). 

As is evident from the preceding, all the types of QRS complexes 
here described can be explained in keeping with the same principles, 
if in accordance with the viewpoints advanced by Wilson et a/. in 
their experimental studies we assume that the appearance of the 
characteristic changes in the QRS complex in precordial leads in 
anterior wall infarction involves two factors, namely: 1, the appearance 
of an initial negative deflection preceding the R wave, t. e., a Q ware, 
and 2, complete or partial abolition of the R wave. While the first of 
these factors is present almost constantly in CF, as well as in IVF 
in the cases of anterior wall infarction observed by the writer, the 
second factor is very variable, giving rise to the many variations in 
the tracing of the QRS complex. 

The explanation generally given of the QRS changes —that they 
are due to a complete absence or a marked diminution of the R wave 

covers only some of the QRS complexes and is in most cases 
insufficient or even directly misleading. The explanation given 
here finds a quite essential support in the conditions observed in 
Lead I. For in typical cases of anterior wall infarction we find in 
this very lead the same two effects, appearance of a Q wave and 
diminution of the R wave." 

Figure 2 gives a schematic presentation of the two ways in which 
a clear-cut central infarction curve may result from a normal 
diphasic QRS complex. The development outlined in 1 concerns 
merely a diminution of R, going on to complete absence of R. The 
development outlined in B implies the appearance of a Q wave 
together with diminution of R, going on to complete abolition of the 
latter. Although the final results of the two developments cannot 
be distinguished from each other, they are still brought about in 
two fundamentally different ways. It will be noticed that the 
different QRS complexes in Series B correspond closely to the QRS 
complexes obtained in clinical cases of anterior wall infarction (see 
Fig. 1), so that the mechanism of the process illustrated in B for 
the appearance of a classical infarction curve (Curve Be) is to be 
looked upon as the correct one. 

It is a well-known fact that marked left preponderance and left 
bundle branch block (new nomenclature) may be associated with 
complete absence of R in CF, so that the QRS complex here cannot 
be distinguished from a classical infarction curve of central type 
(Fig. 1, Jd). In a previous paper, the writer’ has advanced the 
hypothesis that left inhibition of conduction gives rise to diminution 
of R in CF., and that this phenomenon may go on to complete 
absence of R. It is this very mechanism that is outlined in Fig- 
ure 2, A. The final result of this process (Curve 46) cannot be 
distinguished from the true infarction curve Bé and yet it has to 
be characterized as a “false infarction curve.” 
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From the preceding it is evident that a remnant of the R wave in 
marked left preponderance must present itself as a small initial R wave, 
whereas a remnant of the R wave in anterior wall infarction shows as a 
splitting of an initial negative deflection. 


3. 4. J. 6. 


Fig. 2. Schematic presentation of the two ways in which an infarction curve of 
classical ‘“‘central”’ type conceivably may develop from a normal QRS complex in 
precordial leads. 7, Normal diphasic QRS complexes; AG, “false infarction curve" 

which cannot be distinguished from Bé); Bé, classical infarction curve of “ 
type; 2, 3, 4 and 4, transitional stages. 


central” 

After this analysis of the QRS changes in anterior wall infarction 
there can be no particular relation between the abnormalities com- 
plete absence of the R wave and diminished initial R wave when 
we are dealing with cases of anterior wa!l infarction. Several 
investigations have been aimed at the occurrence of these abnormali- 
ties with a view to the diagnosis and differential diagnosis of anterior 
wall infarction.2"°" Presumably it would be more rational to 
investigate the significance of an initial negative deflection in pre- 
cordial leads with or without a concurrent diminution of R. 

It is not to be denied that a small initial R wave in precordial 
leads may be present in anterior wall infarction. In such cases we 
mmay imagine that one factor, the ¢ appearance of a Q wave, has failed 
while the diminution of R has asserted itself. It is to be empha- 
sized, however, that such cases are rare as compared to the great 
number of cases which show an initial negative deflection, and that 
the former represent a considerable deviation from the characteristic 
changes. When we are dealing with anterior wall infarction the 
interest taken in a small initial R wave is generally greater than this 
abnormality deserves, at any rate when it is found in CF, alone. 
When this abnormality has been associated with the fundamentally 
different abnormality encountered in complete absence of the R wave 
(Fig. 2, B) observed in anterior wall infarction, no doubt it is largely 
because Bohning and Katz! have described a small initial R wave 
as characteristic of coronary sclerosis. It is to be emphasized, 
however, that in these studies they employed only a parasternal 


il 
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lead, and that they state themselves that in nearly all the cases 
with a little R wave in this lead there was at the same time a left 
preponderance or intraventricular disturbance in the conductivity. 
As a small initial R wave in a parasternal lead is a frequent finding 
in left preponderance of various etiology (¢. g., aortic lesions too) 
it is not justified from Bohning and Katz's observations to attribute 
the presence of a small initial R wave to coronary sclerosis in 
particular. 

Summary. |. In most clinical works the typical QRS changes 
in precordial leads in anterior wall infarction are described in terms 
indicating absence or marked diminution of the R wave; in addition 
atypical split or W-shaped QRS complexes have been described. 
The occurrence of a normal QRS complex in IVE in anterior wall 
infarction has been reported too. 

2. This paper gives a preliminary report on the changes in the 
QRS complexes in precordial leads in 25 clinical cases of anterior 
wall infarction observed by the writer. In these cases altogether 
192 electrocardiograms were taken in the 3 conventional leads and 
in 2 precordial leads, CF: and IVF, from a few hours to several vears 
after the acute injury. ‘Twenty of the 23 cases showed an initial 
negative deflection in both CF, and IVF, and 2 other cases showed 
an initial negative deflection, either in CF, or IVF, in all the records. 
So this abnormality has to be looked upon as a very constant change 
in anterior wall infarction. 

3. The QRS changes in precordial leads in anterior wall infarction 
are analyzed, and it is pointed out that these changes are far more 
characteristic than suggested by previous investigations. It must 
be considered erroneous to characterize the QRS changes in anterior 
wall infarction by absence of the R wave, as this explanation covers 
merely a minor part of the infarction curves (clear-cut central 
infarction curves), and it is insufficient to characterize the QRS 
changes ina good many cases, besides being directly misleading in 
some cases. On the other hand, practically all the QRS changes 
observed may be analyzed after common simple rules under the 
supposition that anterior wall infarction implies two factors: 1, ap- 
pearance of a Q wave, and 2, diminution or complete disappearance 
of the R wave. The first of these factors is very constant, whereas 
the other is very variable, giving rise to the many variations in the 
features of the QRS complex. 

+. The two ways in which a classical (“central’’) infarction curve 
may develop from a normal diphasic QRS complex are described 
(Fig. 2) and the conceptions “true infarction curve” and “false 
infarction curve”’ are introduced. 

5. According to the writer’s interpretation of the QRS changes 
in anterior wall infarction, a small initial R wave, which often is 
reckoned as equal to complete absence of the R wave in connection 
with anterior wall infarction, represents a considerable deviation 
from the typical changes. A small initial R wave in a parasternal 
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derivation is of no positive significance to the diagnosis of anterior 
wall infarction, as this abnormality is very common in marked 
preponderance of the left side of the heart. 

(i. The practical result of the view of the QRS changes in pre- 
cordial leads in clinical cases of anterior wall infarction, as described 
here, will be that particular attention must be paid to the presence of 
an initial negative deflection with or without absence of the R wave- 
in the QRS complex in precordial leads. 
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SULFADIAZINE (2-sulfanilamido-pyrimidine), the pyrimidine ana- 
logue of sulfapyridine and sulfathiazole, is one of a group of hetero- 
evclic derivatives of sulfanilamide that have been synthesized by 


* The chemical determinations were carried out by Betty Shaler Smith, Alice 
Ballou and Edith Rathbun. 
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Roblin et al. The pharmacologic properties of this compound in 
laboratory animals and its therapeutic efficacy against experimental 
infections with a variety of bacteria were investigated by Finestone 
et al2 and were found to be of sufficient interest to warrant clinical 
study. Jn vitro experiments on the effect of this drug* on a variety 
of common pathogenic bacteria are under way in this laboratory, 
and its use in the treatment of various infectious diseases is now 
being evaluated in this clinic. Preliminary results suggest that 
sulfadiazine is probably considerably less toxic than any of the 
other common sulfonamides now in use and that it may have a 
wide range of efficacy. These results will be the subject of a sep- 
arate communication. In this paper we present data concerning 
the absorption, excretion and distribution of this drug in human 
subjects. 

Materials and Methods. The present studies were carried out in essen- 
tially the same manner as previous ones with other common sulfonamides.’ 
For the most part, male adults, convalescent patients who were afebrile 
and ambulatory and had normal renal function, were chosen as subjects. 
Some observations were also made on a number of patients under treatment 
with sulfadiazine. The subjects were maintained on a routine ward diet 
with a daily fluid intake of 3 to 4 liters. For the intravenous and subcu- 
taneous injections, solutions of 5.0 and 0.5%, respectively, of sodium sulfa- 
diazine in 0.85°7, sodium chloride were used. Ten minutes were taken for 
the former and } to 1 hour for the latter injections. Oral doses were given 
with 500 ml. of water about 2 hours after breakfast. Rectal doses were 
suspended or dissolved in 400 or 500 ml. of warm tap water. A cleansing 
enema was given 4 or 5 hours before each rectal dose. No untoward reac- 
tions were noted in any of the subjects. Blood samples were taken at 
frequent intervals during the first 12 hours after each dose, and at 12- or 
24-hour intervals thereafter. All urines were saved and collected at the 
same time as the bloods. Collections were continued until the urines showed 
only insignificant amounts of drug. Since blood levels were always below 
1 mg. per 100 ce. after 48 hours and only small amounts were excreted in 
the urine after 72 hours, the data were charted only for these intervals. 
Quantitative determinations of the drug were made by the method of 
Bratton and Marshall,' using the Klett-Summerson colorimeter with a 
No. 540 filter. For assay of organs, tissues were weighed as soon as pos- 
sible after removal and were later finely minced, ground with sand, and 
extracted 3 times with boiling distilled water which was then collected 
and treated as blood. 


Blood Levels and Urinary Excretion After Single Doses. ‘The find- 
ings are charted in Figures 1 and 2, and some of the more pertinent 
data are summarized in Table 1. A standard dose of 5 gm. was 
used to compare absorption and excretion from different routes, 
and a few observations were made on smaller oral doses. Maximum 
blood levels were attained immediately after the intravenous injec- 
tions, 2 to 3 hours after the subcutaneous doses and 4 to 6 hours 
after the oral ones. Higher levels were reached in the blood and 
these were sustained longer than with either sulfanilamide, sulfa- 
pyridine or sulfathiazole.6 Moderate levels of sulfadiazine were 


* Supplied by the Lederle Laboratories, Inc., and the American Cyanamid Company 
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still found after 12 hours, and appreciable levels were present at 
24 hours, but only traces were detected in the blood at 48 hours. 
Absorption from the rectum, however, differed radically, and will 
be considered separately. 

The maximum concentrations in the urine occurred soon after the 
maximum blood levels, and were therefore found earlier after the 
parenteral than after the oral doses. The proportion of administered 
drug recovered from the urine varied only slightly with the route 
of administration. About 60°; of the administered drug was recov- 
ered from the urine in the first 24 hours and about 75°% was recov- 
ered in 72 hours. (This amount is actually greater for the paren- 
teral doses when allowance is made for the sodium and water 
content of the sodium salt.) 

In a general way, the blood levels were also influenced by the 
body weight when the same dose and route was used. With differ- 
ent sized oral doses, the maximum blood concentrations were roughly 
proportional to the dose. There were wide individual variations in 
absorption and distribution, however, as indicated by the differences 
in the maximum levels and in the time when they were attained. 

Rectal Administration. Very little of the drug was absorbed after 
rectal administration in 5 subjects. The data of 2 of these are 
shown in Table 1. When 5 gm. of powdered sulfadiazine were given 
in suspension, only traces were detected in the blood. Less than 
$°% of the administered drug was recovered from the urine and 
about 50% of the drug was recovered unaltered in the first stool 
passed 36 hours after administration. When 5 gm. of sodium 
sulfadiazine was given rectally as a 1% solution in physiologic sodium 
chloride, maximum blood levels of 1.6 to 2.8 mg. per LOO cc. were 
reached, but less than 15° was recovered from the urine. 

Acetylation (see Table 1 and Figs. 1 and 2). Only small propor- 
tions of the total concentration of the drug were found in the blood 
in conjugated form and, in most subjects, from 20 to 35° of the 
total amount of the drug administered was recovered from the 
urine in this form. In general, the lower figures were obtained after 
parenteral doses. There were, of course, considerable individual 
variations. Unlike the other common sulfonamides, the proportion 
of the conjugated drug did not tend to show a steady increase. In 
fact, in a number of subjects the conjugated form of the drug was 
apparently excreted mere rapidly than the free form. This was 
evidenced by the decline in the proportion of conjugated drug in 
the blood and in the urine, after the first 24 hours. 

Distribution of Sulfadiazine Between Plasma and Red Blood Cells 
(Table 2). Oxalated blood was used and was taken from a number 
of subjects following an intravenous injection of sodium sulfadiazine. 
This method was chosen because previous experience with other 
sulfonamides has indicated that in vitro addition of drugs to blood 
may be unsatisfactory due to the uncertainty of effecting complete 
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solution. The present data indicate that sulfadiazine is found in 
greater concentration in plasma than in the red blood cells. It is 
thus distributed in the same manner as sulfathiazole, and unlike 
the more uniform distribution of sulfanilamide and sulfapyridine.* 
The equilibrium is reached rapidly, as in the case of the other com- 
mon sulfonamides.*? Estimations based on data similar to those 
already presented indicate that sulfadiazine, like sulfathiazole, is 
distributed in the body in a volume greater than the extracellular 
fluid but considerably less than the total body water. 


TABLE 2.— DISTRIBUTION OF SULFADIAZINE BETWEEN PLASMA AND RED 
BLoop CELLS 


Sulfadiazine concentration. 


Hours Cells (¢ 
after Free or Whole Plasma ealeu 
Subject dose.* total. blood. P lated Hemato¢ 
B.B Free 6.0 8.9 3.5 2 5 54.1 
Total 6.7 9S 5.1 2.4 
i. Free 9 9 12.1 6.4 14 39.2 
Total 12.6 14.3 10.0 14 
B.R Free 6.9 9 0 0 2 3 0) 
Total 9.7 10.1 3.6 3.0 
T. D 3 Free i2.3 14.1 4 1 5 6 
Total 14.0 17.0 9.2 18 
6 Free 9.9 12.9 5.0 2 6 
Total .2 15.2 7.0 2.2 
J. Free 8.7 5.1] 17 $1 3 
Total 5.6 1S 


* A single dose of sodium sulfadiazine was given intravenously to each subject 
except to J. H., who was receiving sulfadiazine, 1 gm. every 4 hours, and the blood 


was taken 4 hours after one of the doses on the 3d day. 


Distribution of Sulfadiazine in Body Fluids and in the Tissues. 
Simultaneous levels of blood and other body Huids taken from differ- 
ent subjects at various intervals following single intravenous injec- 


TABLE 3.—COMPARISON OF SIMULTANEOUS CONCENTRATIONS OF SULFADIAZINE IN 
BLooD AND IN Bopy FLvuips AFTER A SINGLE INTRAVENOUS INJECTION OF 


5 GM. OF SopiuM SULFADIAZINE. 


Sulfadiazine concentration 
Hours 
Patient. | Weight) after Blood Fluid % of 
kg injec- blood 
tion 
leve 
Free. lotal Free lotal free 
S. K. 79 | Spinal 9.1 10.0 1.9 1.9 21 
M. C. 60 3 Spinal 14.6 16.0 3.1 3.1 21 
R. L. 77 5 Spinal 9.2 10.8 8 3.8 11 
M. M. 70 8 Spinal §.2 6.2 3 4 3.4 65 
J. M. 60 7 Pleural 6.1 6.9 3.8 3.8 62 
E. P 69 6 Ascitic 5.8 6.4 19 4.9 S6 


tions of the sodium salt are given in Table 3. There was a stead) 
increase in the concentration of sulfadiazine in the spinal fluid rela- 
tive to the corresponding blood levels. This is, of course, difficult 
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to interpret accurately because of the steady decline of the blood 
levels following the intravenous injections, as shown in Figure 2. 
However, during the course of therapy with regular 4 hourly doses, 
simultaneous determinations indicate consistently high concentra- 
tions in the spinal fluid, averaging two-thirds or more of the cor- 
responding blood levels, as shown in Table 4. In this respect, sulfa- 
diazine is similar to sulfapyridine and sulfanilamide and differs from 
sulfathiazole. With the latter, spinal fluid concentrations are usu- 
ally about one-third of the corresponding blood levels.® In single 
determinations of pleural and synovial exudates the concentrations 
were higher than the levels in the blood drawn at the same time, 
although great care was taken to avoid contamination of the exu- 
dates with novocaine. 


Taper 4. CoMPARISON OF SIMULTANEOUS LEVELS OF SULFADIAZINE IN BLOOD AND 
SpinaL Fuvip in Patients Recetvinc THERAPEUTIC Doses. 


Sulfadiazine concentration. 


% of 
Day of Blood. Spinal fluid blood 
treat- level 
Patient Diagnosis. ment. Free. Total. Free. Total. (free). 
P.s Pneumococcic 2 64 a3 5.4 6.2 S4 
meningitis 1 6.5 6.5 54 6.0 &3 
5 5.4 6.0 5.1 5.1 
1.5 11 11 73 
C.B Meningococcic 2.F 43 3.1 67 
meningitis 2 10.3 bi.g 6.7 7.3 66 
5 13.2 18.6 10.4 11.8 7s 
Cerebral 2 14 4.9 2.3 2.3 49 
thrombosis 3 90 10 7 6.2 6.2 68 
6 7.2 7.9 5.0 5.0 69 
6.4 7.0 0 1 0 62 
D. M Pleurisy with 7.8 8.4 9 3* 10. 3* 119 
effusion 
R.N G.C. arthritis 6 9.7 14.67 16.4t 189 
* Pleural fluid. + Synovial fluid. 


There was an opportunity to study the concentration of sulfa- 
diazine in various organs and body fluids of 5 patients who died 
during therapy. The autopsy in Case I was limited to the head. 
The levels indicated that, for the most part, the drug was distributed 
throughout the body. The urines, of course, showed concentration 
of the drug, both free and conjugated. Spinal fluids contained about 
two-thirds the blood concentration, while the levels in pleural and 
pericardial fluids approximated the blood more closely. The con- 
centrations in brain were from one-third to one-half the amounts 
found in blood. The kidney in Case II contained more than twice 
the blood levels, thus simulating the findings in sulfapyridine and 
sulfathiazole treated cases. In 3 other cases the concentration of 
drug in kidney tissue was about the same as that of blood and liver, 
thus resembling the findings in cases treated with sulfanilamide.*® 
Some of the variations noted may be due to errors involved in the 
method. 


HO4 PETERSON, STRAUSS, TAYLOR, FINLAND: 


Blood and Urine Concentrations During Sulfadiazine Therapy. [lood 
concentrations were usually sustained at higher levels than with 
any of the other common sulfonamides given in similar doses. This 
is evident when Figure 3 is compared with previous similar charts 
for sulfapyridine* and sulfathiazole* treated patients. In fact, the 
levels maintained on sulfadiazine doses of 1 gm. every 6 hours were 
generally higher than those obtained with | gm. every 4 hours of 


5.— DISTRIBUTION OF SULFADIAZINE IN ORGANS AND Bopy FLvuIps oF 
5 Patients Wuo Diep Waite UNperR TREATMENT With Tus DruG 


Sulfadiazine concentration (mg. per LOO ceé 
fluid Case I Case II Case IIT Case LV Cause \ 
bree Total bre Potal l l 
Blood 1.5 S_0 10.1 & | 24 € 4.2 
Spinal fluid 7.8 14.7) 15.4 14 
Pleural fluid 1.5 2.1 19.4 23.9 
Pericardial fluid 20.0 | 23.2 
Urine 88.9) 103.2/)85.8 | 121.9 
Brain OS OS 2 6 7.0! 7.01 8:71 9.7 4 94 
Spleen 5.6 5.6 
Liver 4.8 §.6/12.8 | 5.7) 7.3 
Lung? 8.7 10.0) 10.0) 15.0) 15.8/19.0/ 7.9 | 8.7 
Kidney 19.9; 7.0 | 9.2 
* Determinations in bile were unsatisfactory, and are not recorded 


+t Consolidated lung chosen when available 

Case I P.S., male of 67, pneumococcus Type XIX meningitis, died after receiving 
50 gm. of sulfadiazine in 8 days. Treatment was irregular during the last 2 days 

Case II: J. D. male of 28, pneumococcic Type VII pneumonia, received 5 gm. orally 
after initial intravenous injection of 5 gm. of sodium salt and died 18 hours after 
first dose. 

Case III: L.R., female of 55, pneumococcus Type VII endocarditis, received 42 gm 
in 6 days. Underlying aortic stenosis (rheumatic 


Case IV: J. R., female of 57, atypical pneumonia (lung culture: Staph. aureus 
Received 5 gm. sodium salt intravenously and 35 gm. orally 
Case V: J. 3S., male of 47, meningococcus meningitis, received 8S gm. orally and 


died 16 hours after admission. 


the other common sulfonamides. For the most part the levels were 
more than twice as high as those found in sulfathiazole treated 
cases. A more or less uniform concentration of sulfadiazine was 
maintained after the first day by most of the subjects, while fluctu- 
ations occurred in others. The percentage of conjugation of the 
drug in the blood was usually low and did not tend to increase and, 
in some patients, even decreased as therapy was continued, as was 
anticipated from the findings in Figures 1 and 2. The high levels 
were not associated with nitrogen retention or with other evidences 
of renal impairment. Vomiting did not occur in any of the patients 
whose levels are shown in the figure and they all took fluids liber- 
ally, so that these factors likewise did not contribute to the high 
levels. 
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Concentrations of sulfadiazine were determined in urine samples 
collected at random from a number of patients who were receiving 
doses of 1 gm. every 4 or 6 hours. In specimens obtained after the 
second day of treatment, the drug levels ranged from about 100 to 
about 500 mg. per LOO ce., of which from 10 to 63°) was conjugated. 
‘There was no correlation between the total concentration and the 
per cent of conjugation. In fact, some of the urines with the lowest 
concentrations of drug showed the highest per cent of conjugation. 
While crystals of drug (probably acetylsulfadiazine) were observed 
both in urines containing high levels and in those with low concen- 
trations, hematuria, gross or microscopic, and nitrogen retention 
attributable to the drug have not been noted thus far. 
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Fig. 3.--Concentrations of sulfadiazine in the blood of patients at various intervals 
ifter the beginning of treatment. For some of the patients, determinations made 
it different intervals are connected. 


Renal Clearance. Calculations of the clearance values for sulfa- 
diazine after intravenous injections showed considerable variations 
in different subjects. In each instance, however, the results indi- 
cated that there was considerabie tubular reabsorption of the drug. 

Comment. A number of interesting features concerning the 
absorption and excretion of sulfadiazine have been brought out in 
the data presented. 1. Higher concentrations of sulfadiazine are 
reached and are maintained longer in the blood from single and from 
repeated doses, when compared with the levels obtained with the 
other common sulfonamides given in similar doses. This suggests 
that doses of this drug may be given at greater intervals than is 
usually required with other drugs. 2. Acetylation of sulfadiazine 
does not tend to increase during the course of treatment, even when 
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high levels are maintained. 38. The drug appears in high concen- 
trations in spinal, pleural and ascitic fluids. 

In our experience to date, more than 100 patients have received 
this drug, without any evidence of severe toxic effects. The gastro- 
intestinal symptoms and the mental depression which are charac- 
teristic of sulfapyridine therapy, and which are also frequently 
noted with sulfanilamide and sulfathiazole, have been notably absent 
in patients treated with sulfadiazine. In severely ill patients receiv- 
ing the latter drug, marked subjective improvement has usually 
preceded the fall in temperature and pulse rate, while the reverse 
is more frequently the case with the other sulfonamides. A nodular 
erythema similar to, but less marked than those frequently seen 
in sulfathiazole treated patients, was noted in one patient. These 
findings alone justify continued clinical trials with this drug. 

Obviously, it will be necessary to study carefully a considerably 
larger number of cases before reliable comparisons with other sul- 
fonamides will be justified. It will suffice to say that this drug 
appears to be as efficacious as sulfapyridine and sulfathiazole in 
most of the conditions in which it has been used. Of the patients 
treated in this clinic, about one-half were cases of lobar pneumonia. 

Since this paper was written there have appeared two papers 
concerning absorption and excretion of sulfadiazine. Plummer and 
Ensworth* studied blood levels and urine excretion in 4 subjects 
following the oral administration of a single 2-gm. dose. Reinhold 
et al.t have presented data concerning the fate of a single 3-gm. dose 
given orally in 10 subjects. The former authors made observations 
in & patients and the latter in 20 patients receiving therapeutic 
doses. The data presented by these workers are similar to the 
corresponding data presented in this paper. 

Summary. Data are presented concerning the absorption and 
excretion of sulfadiazine after single and repeated doses. Higher 
blood levels are reached and these are more sustained than with any 
of the other common sulfonamides (sulfanilamide, sulfapyridine 
and sulfathiazole). Conjugation of sulfadiazine in the blood is usu- 
ally slight and there is no tendency for the conjugated drug to be 
retained. The distribution of sulfadiazine in various tissues and 
between red blood cells and plasma is similar to that of sulfathiazole. 
In its penetration into the spinal fluid, sulfadiazine resembles sul- 
fanilamide and sulfapyridine. Sulfadiazine is not absorbed to any 
appreciable extent after rectal administration, and the sodium salt 
is only slightly absorbed from that route. 

Preliminary clinical experience indicates that nausea, vomiting 
and mental depression are notably absent in patients treated with 


* Plummer, N., and Ensworth, H. K.: Proc. Soc. Exp. Biol. and Med., 45, 734, 
1940. 

+ Reinhold, J. G., Flippin, H. F., Schwartz, L., and Domm, A. H.: Am. J. Mep 
Scr., 201, 106, 1941. 
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sulfadiazine, and other serious toxic effects have not been encoun- 
tered thus far. The therapeutic results in patients with pneumonia 
and a variety of other infectious diseases suggest that the drug has 
considerable efficacy. These findings indicate that further clinical 
trials with this drug are justified. 
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(From the Mellon Institute and Mercy Hospital.) 


IN this article we wish to compare the mortality of pneumonia from 
our hospital for the year 1939-40, as treated by hydroxyethyl- 
apocupreine and by sulfapyridine, and to summarize our results in 
the treatment of pneumonia by hydroxyethylapocupreine over a 
5-vear period, 1935-40. 

In our last clinical report® we stated that we had observed no evi- 
dence of any serious toxic action in the use of hydroxyethylapo- 
cupreine on patients with pneumonia. The past 2 vears’ experience 
further confirms this fact. The patients studied, to a very large 
extent, Were, as previously, individuals from the public wards of the 
Mercy Hospital, Pittsburgh. There are no postoperative cases nor 
any children under 15 years of age included in our tables. Patients 
dying within 24 hours of admission, both in the treated and no 
specific treatment groups, were eliminated. We believe little infor- 
mation in therapy is to be obtained from moribund cases. 
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During the past 2 vears, 1938-40, we have seen many examples 
in our pneumococcic pneumonia cases of mixed infection with the 
Strep. hemolyticus, Staph. aureus and H.influenze. In the past vear 
and a half, particularly, the increase in the incidence of Staph. 
aureus has been noteworthy. The bacteriology of our cases will be 
reported by one of us (M. M. B.) in a separate paper. We have no 
observations on virus studies of the sputum but from the clinical 
point of view the common cold in all grades of se\ erity has been \ er\ 
prevalent during the past vear. We have seen many examples of a 
rather severe acute respiratory infection since December, 1936, 
which we have called influenza, possibly for want of a better term. 
This infection during the past winter in its early stages was very 
difficult to distinguish from an early pneumonia, as an initial chill 
was frequent at the onset. Furthermore, repeated chills in the first 
24 to 48 hours were commonly observed in this infection. Roentgen 
ray studies showed heavier than normal lung markings but no con- 
solidation. Breath sounds might be depressed but the lungs were 
often dry, or had very few rales. The temperature usually fell to 
normal spontaneously in 2 to 5 days but some cases showed fever 
for a week or 10 days with no physical or Roentgen ray signs of con- 
solidation. A few patients with this infection were treated with 
hydroxyethylapocupreine or with sulfapyridine, and reactions simi- 
lar to those observed in the spontaneously recovered group were 
noted, either a dramatic fall in fever or no shortening whatsoever 
of the febrile period. We have, therefore, eliminated all of these cases 
from our pneumonias. On account of the severe chill at the onset 
they could be easily confused with a true pneumonia. Roentgen 
rays have been invaluable in diagnosis of this group of cases. As 
these cases have no mortality, unless a secondary pneumonia de- 
velops, one should be extremely careful in separating them from true 
pneumonic infections. On the other hand, we believe we have had 
in a few instances during the past 2 vears very prompt recoveries in 
cases when hydroxyethylapocupreine was given immediately or 
within a few hours after the initial chill. We have previously re- 
ferred’ to this type of case. However, unless Roentgen ray evidence 
was positive for pneumonic consolidation they have not been in- 
cluded in our tables. 


TABLE 1 ANALYSIS OF PNEUMONIA Cases, 
No. of Mortality 
cases, Deaths. percentage. 
No specific treatment . oko 16 17 
Hydroxyethylapocupreine . 86 18 2] 


Bacteremic Cases. 
No specific treatment ee 11 73 
Hydroxyethylapocupreine ae 10 50 


Non-hacteremic Cases. 
No specific treatment : 19 5 26 
Hydroxyethylapocupreine . . 49 6 12 
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This table is given merely to complete the published sequence of 
vearly mortality figures since 1935-36. There were 17 hydroxy- 
ethylapocupreine cases in this vear treated outside of our hospital 
that did not have blood cultures taken, hence the difference in the 
sum of figures for the bacteremic and non-bacteremic cases, as Com- 
pared with the total figures, is accounted for. The no-blood culture 
group was larger in this vear than in any other. 


TABLE 2.—ANALYSIS OF PNEUMONIA Cases, 1939-1940. 


Total Positive Negative 
=. blood cultures blood cultures. 


1. Hydroxyethylapocupreine 25 | 51 | 14/18 38 | 3 
2. Hydroxyethylapocupreine and 
sulphone glucose derivative 43 12 3/12 6 0; 1616) 37 
3. Combined 1 and 2 32 | 79 | 19 | 24) 25) 10 10; 54 | 9 | 17 
1. Sulfapyridine 16 31 | 22 5 2 10; 26 | 5 | 19 
5. No specific treatment 33 | 13 | 39 2 2 100 


In 7 cases without specific treatment blood cultures were not 
taken and all of this group were fatal. It is probable that some or 
inany of these cases would have had positive cultures, hence we have 
omitted the percentage of positive blood cultures in the table in 
Group 5, as the very low incidence of 2 positive blood culture cases 
in 26 (S©,), gives probably a false reading. Similarly the mortality 
percentage figure for the negative blood culture cases, 24 cases with 
} deaths (17°;) is also inaccurate. The mortality percentage, how- 
ever, in the positive blood culture cases of Group 5 would not be 
changed. 

Table 2 shows the mortality figures for the past vear 1939-40. 
A comparison of the mortality of cases treated by hydroxyethyl- 
apocupreine or sulfapyridine is the main point which we wish to 
emphasize. In this vear both groups are taken almost entirely 
from our hospital. The table requires some detailed explanation. 
In Group | hydroxyvethylapocupreine was used alone. The mean 
age for this group was 39 years which probably in part accounts for 
the lower mortality. However, the bacteremia incidence was con- 
siderably higher than in the sulfapyridine group, and the mortality 
in the bacteremic cases was lower. Group 2 in addition to hydroxy- 
ethylapocupreine received, simultaneously, a sulphone glucose 
derivative. ‘These 28 cases were treated in the first half of the year 
since after that time this procedure of therapy was discontinued for 
reasons mentioned later. We had decided that all patients with 
pneumonia over 60 years of age and all cases showing positive blood 
cultures were to have not only the hydroxvethylapocupreine by 
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mouth, but also the sulphone glucose derivative intravenously. 
The mean age for Group 2 was 61 vears, and 43°, showed positive 
blood cultures, obviously indicating a very serious problem for 
therapy. We were convinced after trial, experimental and clinical, 
that the sulphone glucose derivative was ineffective in the dosage 
given and that all favorable therapeutic action could be attributed 
to the hydroxyethylapocupreine. It is not considered necessary 
to go into the experimental details in this paper but one can state 
that this sulphone glucose compound is very effective by mouth in 
protection of mice against the pneumococcus injected intraperito- 
neally, but has very little protective action when the chemical is 
given subcutaneously. Further, the chemical by the subcutaneous 
route is very much less toxic for mice than by mouth. Intra- 
venously the sulphone glucose was non-toxic even in very large doses 
to man or experimental animals. We gave from | to 2 gm. every 
+ hours in pneumonia cases over a period of 3 to 5 days. There was 
not only no suggestion of toxicity, but also no favorable therapeutic 
action which one could clearly observe that would not be expected 
to occur with hydroxyethylapocupreine alone. For this reason it 
was discontinued in our pneumococcic pneumonias. Finland? has 
reported findings indicating that sulfapyridine glucose when given 
by mouth is active against the pneumococcus, and shows the usual 
toxicity but when it is given by vein both the potency and toxicity 
are lost. He stated that sulfapyridine glucose was inert by the intra- 
venous route. In Group 3 we have combined the results of hydroxy- 
ethylapocupreine alone with the hydroxyethylapocupreine and 
sulphone glucose, as we believe this gives a more accurate figure for 
the whole hydroxyethylapocupreine group, and is certainly com- 
parable to the sulfapyridine series. We would direct attention to 
the fact that there is almost double the incidence of bacteremia 
in the hydroxyethylapocupreine series (Group 3) as in the sulf- 
apyridine group. The mean age for the combined hydroxyethy|- 
apocupreine cases was 46, while that for sulfapyridine was 56. 
Treatment began in the hydroxyethylapocupreine group in the 2.15 
day (average) of the disease while in the sulfapyridine it was on the 
2.9 day. The duration of fever in the recovered cases as estimated 
by the mean figure in the hydroxyethylapocupreine group was 9 
days, in the sulfapyridine 7.5 days, while in the no specific treatment 
cases it was 13.5 days. The fever data is taken entirely from rectal 
temperatures. The prolongation of fever in recovered pneumonia 
cases during the past 3 vears has been noted frequently. We believe 
this finding is associated bacteriologically with the presence of mixed 
infection and pathologically with the process of delayed resolution, 
and interstitial pneumonitis so characteristic of mixed infections in 
the lung. 

Seventy-two per cent of the positive blood cultures had occurred 
by the third day of the disease in the hydroxyvethylapocupreine 
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treated cases (Group 3) and 64% were present before the treatment 
began. Forty per cent of the sulfapyridine cases showed positive 
blood cultures by the first 3 days of the infection while 80% of their 
number were present before treatment had begun. There were 5 
times as many bacteremia cases in the hydroxyethylapocupreine 
series as in the sulfapyridine group, although the total number of 
cases (bacteremic and non-bacteremic) in the former was only two 
and a half times more than in the latter. 

In the recovered positive-blood-culture cases treated by hydroxy- 
ethylapocupreine over a period of 5 years, 1935-40, there were 
11 in 142 cases with colony counts over 15. In the past vear there 
were 4 in 25 cases, in 2 of these cases high counts of 130 and 359 
respectively were recorded. The sulfapyridine series of 5 bacteremic 
cases showed | count of the 26 colonies in the recovered group. 

In 12 postoperative pneumonia cases treated by sulfapyridine 
there were 4 deaths (83° % mortality). These postoperative cases 
are not included in our tables. This is mentioned merely to indicate 
that in no group of pneumonic cases treated by sulfapyridine in our 
hospital have we seen the excessively low mortality figures (below 
described in the literature. 


TABLE 3.—ANALYSIS OF PNEUMONIA Cases, 1935-1940. 


No. of Mortality 

cases, Deaths. percentage. 
No specific treatment .  .  . 203 97 48 
Hydroxyethylapocupreine .  . 494 119 24 


Bacteremic Cases. 
No specific treatment . . 5S 17 
Hydroxyethylapocupreine .  . 142 Sl 57 


Non-hacteremic Cases. 
No specific treatment —. . 133 38 28 
Hydroxyethylapocupreine . . 296 33 11 
Table 3 requires little explanation. Again we call attention to the 
fact that the difference in the sum of the figures of the bacteremic 
and non-bacteremic cases and the total number, is accounted for by 
those cases during the past 5 years that did not have blood cultures 
taken. Of the 142 bacteremic cases, treated by hydroxyethyl- 
apocupreine, 42% were Type II, 11% Type I and 9% Type III 
pneumonias. 


Paste 4.—-Morrauiry Accorpinc To Day or Disease WHEN First TREATED, 
1935-1940. 


No. of Mortality 

cases, Deaths percentage. 
First day. . 108 25 24 
Second day 79 28 35 
Third day . 199 34 18 
Fourth day ‘ 73 21 29 
Fifth plus day 38 11 29 


This table, for the 5-vear period, indicates as previously noted, 
that cases treated on the 3d day of the disease showed a somewhat 
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lower mortality. There were 11 cases where the day of the disease 
could not accurately be estimated. 


TABLE 5.—-SERUM AND CoMBINED CHEMICAL TREATMENT Cases, 1939-1940 


Bl | 
Cases. Deaths Pos Deatl Neg Deatl 
serum 0 l 0 
Serum and hydroxy. l 3 0 
Serum, sulfapyridine 6 2 2 2 j 0 
Serum, hydroxy., sulfapyridine l l l l 
Hydroxy., sulfapyridine 9 2 3 ? 6 0 


Not included in any of the previous tables there were, during the 
past year, 11 cases that received serum and chemical therapy, in 
addition to 1 case which had serum alone, and 9 cases which re- 
ceived both hydroxyethylapocupreine and sulfapyridine. The 
amount of serum was in all cases in excess of what is generally con- 
sidered as an adequate dose and was given comparatively early in 
the infection while the chemicals were used simultaneously with the 
serum, except in 1 instance when both sulfapyridine and hydroxy- 
ethylapocupreine were used in succession. As a group these serum 
and chemical treated cases were severe infections as the table indi- 
cates. The chemicals were given in a full dosage at least over a 24- 
hour period, but they were never given at the same time. In most 
instances hydroxyethylapocupreine followed sulfapyridine when the 
latter produced so much nausea and vomiting as to make further 
administration impossible. It has been our belief that a certain 
number of severe pneumonic infections can be saved only by a com- 
bination of serum and chemotherapy. It will be noted in this group 
of 21 patients that of the 12 cases treated with serum, 4 died (33° ); 
of the 14 receiving hydroxyethylapocupreine 4 died (28°), and of 
the 16 who were given sulfapyridine, there were 5 deaths (31°;). 
As the mortality figures for each chemical are about equal in Table 5, 
the exclusion of these cases would not alter the comparative mor- 
tality figures of Table 2 to any great extent. 

The comparison of hydroxyethylapocupreine and sulfapyridine in 
the treatment of pneumonia cases during the past vear in our hos- 
pital has been of interest. Certainly the figures given in Table 2 
indicate that the two chemicals were practically equal in their 
therapeutic action. Further, there is some evidence to show that one 
group (hydroxyethylapocupreine) was composed of more severe 
infections as noted in the bacteremia incidence. The sulfapy ridine 
group, on the other hand, were on the average a little older which 
would be less favorable to this chemical. We have been informed 
that our mortality rates in hydroxyethylapocupreine-treated cases 
have been considered excessively high, despite our published data® 
to indicate that the chemical figures were practically equal to the 
serum-treated cases in Pittsburgh as published by the Department 
of Health of the City of Pittsburgh. It may be of interest to note 
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that the recent report of the City of Pittsburgh’s Health Depart- 
ment for the past 3 years gives a 19% pneumonia mortality for 
serum-treated cases. The serum of generally accepted high potency 
is supplied free but is not given if the pneumonic infection is beyond 
the 3d day. In other words, the great majority of the serum cases, 
from which the records are compiled, are not late or moribund cases. 
The literature indicates many similar comparisons during the past 
2 vears of serum and sulfapyridine with the resulting figures about 
equal, providing the serum was given before the end of the 4th day. 
We were, therefore, very interested in comparing the results of 
treatment by the two chemicals hydroxyethylapocupreine and sulf- 
apyridine during the past vear in cases under our observation. 
Table 2 gives data which we are unable to interpret as showing 
sulfapyridine to be superior to hydroxyethylapocupreine. This is 
in agreement with our recently published experimental data! com- 
paring the two chemicals in mouse protection studies. Also we 
have entirely failed to attain low mortality figures, 10°% or under, 
with sulfapyridine. From our point of view such desirable figures 
can only be observed in communities having an excessively mild 
pneumonic infection, and relatively small percentage of poor human 
material in the total number of cases studied. We assume also that 
great care is taken to eliminate from pneumonia data influenza-like 
infections which may be extremely difficult to differentiate from 
pneumonia and which possess little or no mortality. We refer 
only to the adult patient. 

luring the past 2 years, in our material at least, there has been 
a high incidence of Strep. hemolyticus infection associated with the 
pneumococcus. This should produce a picture more favorable to 
sulfapyridine, as the hydroxyethylapocupreine has very little if any 
action on the Strep. hemolyticus. We have used the base of the 
hydroxyvethylapocupreine during the past 2 years in the same dosage 
as previously stated, 15 grains every 3 hours. We do not believe any 
case needs more than 4 days’ treatment, at least, if they are going to 
be influenced favorably it will be shown by that time. There is very 
little nausea or vomiting, in marked contrast to sulfapyridine. We 
saw a number of instances in which nausea and vomiting prohibited 
the further use of sulfapyridine even after attempting to repeat the 
dosage, while 3 cases of gross hematuria were noted. The absence 
of any serious toxic action of hydroxyethylapocupreine is of clinical 
importance. ‘There has been no evidence of visual disturbance. 

Conclusions. |. In a series of cases of pneumonia treated during 
the past year, 1939-40, we found practically an equal mortality in 
cases treated by hydroxyethylapocupreine and by sulfapyridine. 

2. A summary of the results of treatment of 494 pneumonia cases 
by hydroxyethylapocupreine for the past 5 years, 1935-40, is given. 
A marked lowering of the total mortality, and of the mortality in 
both the bacteremic and non-bacteremic cases has been shown, 
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3. The only evidence of toxicity observed in the 494 patients 
treated with hydroxyvethylapocupreine has been occasional nausea 
and vomiting which was considerably less with the use of the base 
than with the dihydrochloride of this compound. There has been 
no evidence of visual disturbance. 

The authors wish to express their thanks to Dr. H. H. Permar for his help during 
the past year. 
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ENCEPHALITIC parkinsonism is a neurologic disorder which during 
the last two decades has become a major therapeutic problem. 
There is at present throughout the world an increasing number of 
unfortunate victims suffering from progressive incapacity due to 
chronic encephalitis. It is not necessary in this paper to discuss the 
pathogenesis and pathology of encephalitic parkinsonism. Justi- 
fiably in recent years a great deal of attention has been directed by 
neurologists to the problem of discovering new remedies which 
might arrest the progress or alleviate the symptoms of this dread 
condition. 

The various forms of therapy which have been used may be divided 
into two groups. First, there has been therapy designed to halt the 
spread of neural involvement by destruction of the etiologic agent. 
As examples of this type of treatment may be mentioned various 
fever-producing agents, vaccines, Roentgen therapy, and so on. 
Commendable as they have been, one must regretfully admit that 
all of these attempts have failed this far. 

The second group may be referred to as consisting of the svympto- 
matic forms of therapy. They are designed to alleviate the unpleas- 
ant manifestations of the disease. In contrast with the negative 
results noted in the first group it is possible to state that definite 
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success has been obtained by the use of a variety of symptomatic 
remedies. Among these may be mentioned such drugs as stra- 
monium, hyvoscine, atropine and benzedrine. 

Recently it has been generally conceded that atropine and the 
closely related belladonna preparations constitute the most effective 
forms of symptomatic treatment available at the present time. The 
beneficial result is quite remarkable in some instances enabling 
totally incapacitated patients to resume a considerable degree of 
activity. Unfortunately, however, the toxic manifestations of 
atropine are apt to occur so often and to be so unpleasant that in 
many instances the use of the drug has had to be discontinued. In 
view of this undesirable situation, when a synthetic and apparently 
less toxic atropine preparation became available this study was con- 
ceived in order to determine the therapeutic effectiveness of such a 
preparation. The drug used has been the tropic acid ester of 2, 
2-dimethy!l =3 diethylamino-propanol (syntropan). 

Procedure. A group of 16 patients having parkinsonism were treated 
with syntropan for periods varying from 10 days to 8 months. Five patients 
were observed in the wards and 7 patients in the out-patient department of 
this hospital; 4 were patients from private practice. In all instances during 
the period of observation, therapy was restricted to the drug under investiga- 
tion, namely syntropan. In most instances it was possible to compare the 
effectiveness of this drug with antecedent or subsequent therapy. 

While receiving syntropan all patients were seen at regular intervals, 
usually once a week. An objective evaluation of the neurologic status was 
made by examination of pupils, speech, posture, gait, muscle tone and 
tremors. Subjective alterations in the patients’ conditions were evaluated 
by inquiry regarding the following features: salivation, oculogyric crises, 
degree of activity, and general state of health. 

In addition, special attention was directed toward the determination of 
the character and intensity of toxic manifestations. This was done by 
means of questions as to the occurrence of: blurred vision, flushed face, 
dryness of pharynx, palpitation, nausea and vomiting, bowel dysfunction, 
dysuria, vertigo, lethargy, amnesia and confusion, hallucinations. The 
pulse rate and weight were recorded at each interview. In several cases 
frequent electrocardiographic examinations were made. 

Results of Treatment. ‘The drug used in this investigation (svn- 
tropan) has previously been considered chiefly from the standpoint 
of its effectiveness as an antispasmodic remedy. In this respect it 
has been reported by a number of authors as possessing the same 
qualities as atropine, while in therapeutic doses it is not apt to pro- 
duce the undesirable by-effects which so commonly follow effective 
doses of atropine. In a comparative pharmacologic study From- 
herz? discovered that the spasmolytic action of syntropan on 
smooth muscular organs, especially on the intestine, was about 20 
times less than that of atropine. On the other hand, the action of 
syntropan on the pupil, salivary secretion and vagus was more than 
100 to 1000 times less than that of atropine. Therefore, Fromherz 
concluded that syntropan was clinically useful as an antispasmodic 
remedy. 
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The literature discloses a few scattered reports of cases in which 
syntropan has apparently been found to be beneficial in the treat- 
ment of parkinsonism. Chiabov! partially replaced atropine by 
syntropan in 3 cases and in | case the latter was used exclusively. 
Considerable improvement was noted with a dose of 300 mg. daily. 
Ratschow® treated 2 patients having parkinsonism, using a maximum 
dose of SOO mg. daily in 1 case. He reported tremor and rigidity 
in | patient as having been completely relieved. There does not 
seem to have been any intensive study of a series of cases for pro- 
longed periods of time. 

In considering the effectiveness of any form of therapy for parkin- 
sonism it is necessary to emphasize a difficulty inherent in any 
clinical evaluation of improvement since it is well known that this 
may be influenced greatly by subjective alterations in the condition 
of the patient. If one observes our results as shown in Table 1, it 
immediately becomes clear that in no instance has syntropan been 
beneficial in relieving the symprioms until the dose has reached a 
level of about 1200 mg. daily. Therefore, there is reason to question 
the reports in the literature indicating good results with much smaller 
doses. 

A critical examination of our results discloses that in 5 cases no 
improvement was obtained. In 2 of these (Cases | and 2) satis- 
factory coéperation was not obtained due to the rather prolonged 
relapses which resulted early in our investigation. This could not 
be avoided at that time because of the necessity for care in deter- 
mining possible limitations upon dosage. Another difficulty 
encountered in the early stage of this investigation was the resistance 
of patients due to their fear of the large number of tablets required 
in order to give some of the larger doses. This is readily seen 
when one considers that a dose of 2400 mg. daily is equivalent to 
18 of the standard 50 mg. tablets available on the market. This 
difficulty was later circumvented through the use of specially pro- 
duced 200 mg. tablets. The third case (Case 3) showing no im- 
provement was considered as representing an advanced case of 
idiopathic paralysis agitans. It is the only non-encephalitic case 
in this series. The other 2 (Cases 11 and 12) showing no improve- 
ment exhibited toxic manifestations with relatively small doses. 
It is interesting to note that in both it was chiefly gastric symptoms 
which necessitated the withdrawal of syntropan. 

In 11 patients a varying degree of improvement was observed. 
Excessive salivation was effectively controlled in all cases and was 
never accompanied by dryness no matter how high the dose of 
syntropan. This beneficial effect upon salivation was usually the 
first sign of improvement and was manifested with doses of about 
1000 mg. daily. The diminution of rigidity and of tremor as evi- 
dences of improvement were noted with doses approximating 
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1200 mg. daily and maximum benefits were obtained with doses of 
about 2400 mg. daily. This improvement was sufficient in 4 cases 
(Cases 4,5, 10 and 13) to enable the patients to walk without previ- 
ously needed support. One of these patients was able to visit the 
clinic unaccompanied. In 1 patient (Case 9) the alleviation of 
rigidity and tremor failed to equal the effectiveness of atropine in 
these respects; in 1 (Case 13) syntropan was more effective than 
atropine. This patient had been forced to give up atropine because 
of toxic symptoms and found much relief in syntropan. Her 
rigidity was decreased, salivation was improved, and walking was 
better. In another instance (Case 14) a patient who had received 
very good effects from atropine was forced to give up the drug be- 
cause of bladder disturbances. On 2400 mg. of syntropan he was 
able to parallel fully the effects of atropine and experienced no 
trouble with his bladder. 

Involuntary closing of the eves which was a troublesome symptom 
in 2 patients (Cases 7 and 8) did not respond to syntropan. In 1 
patient (Case 10) the frequent occurrence of oculogyric crises was a 
conspicuous feature of parkinsonism. This patient while receiving 
syntropan showed a reduction in frequency from three times weekly 
to once in 2 weeks. Syntropan showed slight if any beneficial 
effect upon the stuttering speech defects existing in 2 patients (Cases 
t and 7). 

The effectiveness of syntropan was conclusively demonstrated in 
2 patients (Cases 6 and 8) who, after the appearance of toxic symp- 
toms, allowed withdrawal of syntropan without immediate replace- 
ment by other medication. In these cases an exacerbation of 
parkinsonian features such as_ salivation, tremor and_ rigidity 
occurred within 48 hours after cessation of syntropan therapy. 
A similar exacerbation of symptoms was observed in | other patient 
(Case 7) and was later explained by the information that the patient 
had spontaneously decided to stop taking syntropan. 

That toxic manifestation may result from the administration of 
syntropan is obvious (Table 1). The relative character, frequency 
and intensity of toxic symptoms when compared with other reme- 
dies, particularly atropine, deserves careful consideration. It is 
evident that blurred vision, flushed face and dryness of mouth, 
which regularly result from atropine or stramonium medication did 
not occur with syntropan therapy until the dose of 3200 mg. was 
reached, when mild blurring of vision was noted in 2 cases (Cases 
6 and 8). his is in striking contrast to the early appearance of 
these troublesome symptoms when atropine is given. Bowel or 
bladder dysfunctions were not noted in any of the cases receiving 
syntropan. This contrasts with the not infrequent toxic symptom 
of dysuria due to atropine. Gastric symptoms in the form of 
nausea and vomiting necessitated the early withdrawal of syntropan 
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in 2 patients (Cases 11 and 12). In 2 of the 8 patients receiving 
2400 mg. daily palpitation appeared. It was a transient symptom 
in | (Case 5) while in the other (Case 4), combined with vertigo, 
it caused spontaneous cessation of syntropan therapy. Repeated 
electrocardiograms in 4 cases revealed no abnormalities. 

luring this study 5 patients were given syntropan in doses as 
high as 3200 mg. daily. Of these patients 3 showed more alarming 
toxic symptoms than any noted previously. They were chiefly refer- 
able to the nervous system and consisted of confusion, sluggishness, 
drowsiness and “trance’’-like episodes in which a sense of impend- 
ing death was experienced. One patient (Case 7) complained of 
quite vivid visual hallucinations. 

Because of the occurrence of alarming toxic symptoms and be- 
cause of the failure to show further improvement with doses exceed- 
ing 2400 mg. daily, this has been considered the maximum thera- 
peutic dose of syntropan for the treatment of parkinsonism. There- 
fore, of the 14 patients in this series who were potentially capable of 
reaching this therapeutic dose there were 3 (Cases 4, 11 and 12) 
in which toxic manifestations were sufficient to prevent effective 
therapy. In 10 patients mild or moderate symptomatic relief was 
obtained. From these results it would seem that syntropan is 
definitely useful in many of those cases where atropine cannot be 
administered because of toxic symptoms. Syntropan may also 
prove to be the remedy of choice in early cases of parkinsonism where 
the regularly associated by-effects of atropine would be most 
annoying and possibly incapacitating. 

The use of syntropan in conjunction with the other drugs used 
in the treatment of parkinsonism has not been investigated as yet. 
This would appear to be advisable, especially in view of the fact 
that one of the most striking therapeutic differences between 
atropine and syntropan is the subjective sense of well-being experi- 
enced by the patient receiving the former remedy. 

Summary and Conclusions. A group of 16 patients having parkin- 
sonism have been treated by means of syntropan. The maximum 
therapeutic dose has been determined and is considered to be 
2400 mg. daily. Of 14 patients who were potentially capable of 
reaching this dose, in 10 (71%) mild or moderate symptomatic relief 
was obtained without the development of any toxic manifestations. 
Irom these results it would appear that syntropan is definitely useful 
in many of those cases where atropine cannot be administered 
because of the frequently associated toxic symptoms. 
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Gross pellagra occurs most commonly in warm, sunny climates. 
In its classic and severe form, the disease begins to appear in the 
late spring and reaches its peak at the height of summer. The 
typical dermatitis of pellagra is usually most evident over the ex- 
posed parts of the body, and when it is present, there is almost 
always a definite history of prolonged exposure to sunlight. Because 
of this evident influence of solar irradiation, various photodynamic 
hypotheses have been advanced to explain the genesis not only of 
such skin lesions, but even of pellagra." 

Among the chemical agents which are known to be capable of 
inducing photosensitivity, the porphyrins have received a good deal 
of attention in recent literature. The injection of porphyrin into 
man® and animals’ results in photosensitivity. Furthermore, it is 
known that patients suffering from porphyria, if exposed to the sun, 
develop symmetrical skin lesions which have been compared to 
pellagrous dermatitis.''® In recent years it has been suggested by 
several authors®*."* that pellagrous dermatitis may result from the 
effect of sunlight on skin that has been sensitized by porphyrin. 
In apparent support of this hypothesis Beckh, Ellinger and Spies? 
reported the presence of excessive amounts of porphyrin in the 
urine of 14 cases of “alcoholic’’ pellagra and subsequently, Spies 
and his associates have recorded on several occasions”: the 
presence of porphyrin or “porphyrin-like”’ substances" in the urine 
of pellagrins. As a result of these reports it is now widely held that 
an increased excretion of porphyrin in the urine is a characteristic 
feature of pellagra. 

Unfortunately this belief is due to the dissemination of an erro- 
neous interpretation of the test used by Beckh, Ellinger and Spies. 
Dobriner and Rhoads‘ have suggested that the simple test which 
Spies and his associates employed for the detection of porphyrin in 
the urine is quite non-specific. Watson'” and the present authors!” 
have more recently demonstrated that the color reaction obtained 
in this test is due to the presence of “urorosein”’ in the urine, a 
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pigment which does not resemble porphyrin or porphyrin-like 
substances in any way. 

Dobriner and his collaborators’ and Watson!”* have shown that 
porphyrin in increased amounts may occur in the urine of alcoholic 
pellagrins. But the present authors observed an increased excretion 
of porphyrin in the urine of “alcoholic” patients both with and 
without pellagra, while no increase in porphyrin was observed in 
random specimens of urine from 4 cases of endemic pellagra unasso- 
ciated with alcoholism.* However these urine samples were shipped 
from a distance and the porphyrin may have decomposed in transit.'° 

In the following communication some observations are reported 
on 6 pellagrins in whem no increased excretion of ether-soluble 
porphyrin was detectable in the urine during their stay in the 
hospital. A seventh pellagrin excreted a large amount of porphyrin 
during his first admission to hospital, but on a second admission he 
presented no porphyrinuria. 

The clinical criteria for the diagnosis of pellagra in these patients 
are given in Table 1. Three of the patients studied gave no history 
of alcoholism, while the other 4 had partaken of large amounts of 
alcohol over a considerable period previous to their admission to 
hospital. So far as could be judged from the history given by all 
7 patients, their diet had been deficient in protein, fresh fruits and 
vegetables. 


Methods. All patients (with the exception of Case 5) on their admission 
to hospital were placed at bed rest, and given a standard 3000 calorie diet 
containing only small amounts of the water-soluble vitamins; Case 5 was 
given a ward diet. 

Twenty-four-hour specimens of the urine from these patients were col- 
lected in brown bottles under toluene and were examined for ether-soluble 
porphyrins by a modification of the quantitative fluorometric method of 
Brugsch and Keys,’ details of which are given below. In 4 patients 
(Cases 1, 2, 3 and 6) porphyrin excretion studies were continued throughout 
their stay in hospital. In the remainder, urinary porphyrin studies were 
made during the first 3 days following their admission to hospital. 

The Estimation of Ether-soluble Porphyrin in the Urine. Fifty milliliters 
of urine acidified with 10 ml. of glacial acetic acid are extracted with 
200 ml. ether in } liter brown glass bottle, revolving at between 50 and 
100 times per minute on a rotary shaking machine in a dark room, for 
4 hours. The ether layer is then removed in a separatory funnel. The 
urine is again extracted on the machine for a further 30 minutes with 
100 ml. fresh ether, and the two ether extracts combined in the separatory 
funnel. Emulsions, when present, are broken down by the addition of a 
few drops of eaprylic aleohol or glacial acetic acid to the ether extract. 
Care must be taken not to lose any of the emulsion during separation since 
it may contain a large amount of the extracted porphyrin. 

The ether is then washed 6 times with distilled water and all water is 
drawn off about 5 minutes after the final washing. Five or 10 ml. 5% 
livdrochloric acid solution (by volume) is added to the ether, and the 
mixture is rotated on the machine for fifteen minutes. Porphyrin passes 
from the ether phase into the hydrochloric acid and this solution, if porphy- 


* The urine was obtained through the courtesy of Dr. Tom D. Spies. 
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rin is present, gives a bright red fluorescence when examined in front of 
an ultraviolet light source in a dark room.* Extraction of the ether layer 
with small amounts of hydrochloric acid is repeated until the hydrochloric 
acid extracts show no further fluorescence. 

The hydrochloric acid extracts are combined and made up to a suitable 
volume, usually 20 ml., by the addition of more dilute hydrochloric acid 
solution. A small amount of the total acid extract is taken and made up 
to 10 ml. with 5°; hydrochloric acid and its fluorescent intensity is compared 
in front of the ultraviolet light source with two standard solutions of 
nT rin I, containing 0.5 micrograms of coproporphyrin I in 10 4 

hydrochloric acid and 1 microgram of coproporphyrin I in 10 ml. 
‘hlorie acid, respectively. The unknown hydrochloric acid 
must be adjusted so that its fluorescent intensity can be read between the 
fluorescent intensities of the two standard tubes. Care must be taken to 
have solutions in nonfluorescent glass tubes of equal dimension and to 
compare the fluorescent intensity at the meniscus of the solutions and not 
that of the whole tube. 

If large amounts of porphyrin are present, chloroform extraction of the 
hydrochloric acid phase must be made in order to remove any chloroform- 
soluble porphyrins which may be present. The presence of porphyrin can 
be verified by use of a direct vision spectroscope, only if large amounts of 
porphyrin are excreted. The per diem excretion of porphyrin in the urine 
can be calculated by using the following equation: 

Total 24-hour urinary volume __ Final volume of hydrochloric acid extract 


Volume of urine extracted “* Volume of hydrochloric acid extract used 
for reading against standard 
<x reading in micrograms = daily excretion of porphyrin in micrograms. 


By this method an excretion of 90 micrograms of porphyrin in 
24 hours is the upper limit of normality. The usual 24-hour excre- 
tion in normal subjects rarely exceeds 40 micrograms. 

The daily urinary porphyrin excretion in the 7 pellagrins during 
their first 3 days in hospital, with 1 exception (Case 7, first admis- 
sion), was never above the upper limit of normality (Table 1). 
Furthermore, the 4 patients upon whom studies were made through- 
out their hospital stay, continued to excrete normal amounts of the 
pigment, despite the continuance of a diet deficient in water-soluble 
vitamins. Case 7, a patient with “alcoholic” pellagra, is of special 
interest since he showed a marked porphyrinuria together with an 
increased fecal porphyrin excretion only during the first of his two 
admissions to hospital, though on both admissions there was a marked 
symmetrical dermatitis. 

His case history is given briefly below: 


Case 7.—(B.C. H. 954507.) A 65-year-old, white, unemployed plasterer, 
was admitted to the Boston City Hospital on May 18, 1939, for “‘soreness’’ 
of his hands. During the 5 months preceding his entry to hospital he had 
been taking at least 4 pint of whisky daily; his meals had been irregular 
and consisted mainly of coffee, doughnuts, soup and bread; occasionally 
he had some stew or sausage. In March, 1939, he began to ‘hang about”’ 
out of doors in Franklin Field, Boston, and 6 weeks prior to entry noticed 
that his hands were becoming sunburnt. This became sufficiently severe 


* The ultra-violet light source was Mercury Vapor Lamp No. 87273 and 85267, 
Central Scientific Company, Chicago, II. 
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to bring him to hospital where he reported that several of his friends at 
Franklin Field were similarly affected. 

Physical examination revealed a well-developed but poorly-nourished 
male, with evidence of florid pellagra. The skin over the dorsum of his 
hands and wrists and on his face was thickened and desquamating, leaving 


Taste Dairy Excretion or Urinary Porpuyrin IN Patients WITH 
PELLAGRA. 
Urinary porphyrin 
excretion in 
micrograms per Exposure 
24 hours uring to sunlight 


Clinical findings patient's first prior to 
Patient. Sex Age. Clinical diagnosis. on admission to hospital. 3 days in hosp. admission, 
1 M 41 “Alcoholic” Symmetrical pigmentation of back 40 Prolonged 
961089) pellagra of hands, wrists and face with 40) 
B.C_H sealing and hyperkeratosis 45 


Red tongue 
Cheilosis 
Diarrhea 
“Nervousness” 


2 M 39 “Aleoholic”’ Symmetrical dermatitis of back of 30 Prolonged 
O4ANT4E pellagra hands, wrists and face 25 
B.C.H “Collar of Casal” 
Diarrhea 
Sore tongue 
Perleche and cheilosis 
Anemia 
3 | 65 Pellagra Emaciation 30 Prolonged 
945455 Mild dementia 1) 
B.C.H Dermatitis of hands, wrists, face 15 
ankles and antecubital fosse 
Vulvitis 
Perineal! inflammation 
Perleche, red and sore tongue 
Sialorrhea 
Diarrhea 
Anemia 
4 M 49 “Alcoholic” Dermatitis of hands and wrists 30 Prolonged 
47892 pellagra Hyperkeratosis of the elbows 35 
B.C.H Perleche 30 
Papillary atrophy of tongue 
Macrocytosis of the red blood cells 
without anemia 
) } 52 Pellagra Acute dementia 70 No expoeure 
1416 Hyperkeratosis of elbows 20 
BC HL.) Vulvitis and perineal inflammation 25 
Slight sore tongue 
Pigmentation of hands 
Neuritis 
Edema 
6 M 47 Pellagra Symmetrical dermatitis of hands, 70 Prolonged 
152856) wrists, neck and ears 35 
B.C.H,. Diarrhea 30 
Perleche 
Neuritis 
7 M 64 “Alcoholic” First ApMission—Symmetrical der- 140 Prolonged 
154507 pellagra matitis of hands, wrists, elbows 110 
B.C.H.) and face 110 
Cheilosis 
Polyposis of the stomach 
Seconp Apmission — Symmetrical 10 Prolonged 
dermatitis of hands, wrists, el- 15 
bows, face and neck 20 
Red tongue 
Perleche 
Cheilosis 
Diarrhea 
Neuritis 
Anemia 


Irritability 


= 
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raw, red areas which oozed serum and bled easily. There was also a copper- 
colored pigmentation extending up the extensor surfaces of his forearm 
which, like the other skin lesion, was sharply demarcated and symmetrical. 
His elbows were reddened and the skin overlying them markedly hyper- 
keratotic. His lips were swollen, cracked and sore. Further study re- 
vealed a moderate anemia and complete achlorhydria. Polyposis of the 
stomach was diagnosed radiologically and the diagnosis was confirmed by 
gastroscopy. Because of this he was seen by a surgical colleague in con- 
sultation. However, operation was not deemed advisable. He was placed 
in bed on a high-calorie diet containing only traces of the water-soluble 
vitamins. 

During his first 6 days in the hospital, the excretions of ether-soluble 
porphyrins were increased, not only in his urine (Table 1) but also in his 
stools, which contained 600 micrograms per diem during his first 3 days in 
the hospital and 375 micrograms per diem during the next 3 days (normal 
output 180 to 250 micrograms per diem). From this time onward the 
porphyrin excretion was within normal limits despite exposure to sunlight 
for 1 hour each day. During his last 4 weeks in the hospital he was placed 
on a high-vitamin diet, supplemented with yeast and intramuscular liver 
injections. He was then discharged, apparently cured, with instructions to 
report to the hospital for further treatment. 

On September 14, 1939, he was again admitted to hospital for recurrence 
of pellagra. He had not attended the follow-up clinic and had returned 
to his former habits, drinking large quantities of alcohol and sitting in the 
sun in Franklin Field. His condition was much more marked than during 
his previous illness. He had a severe, watery diarrhea; his hands, face and 
neck showed a more marked dermatitis; his lips were cracked, and there 
were fissures at the corners of his mouth and behind his ears; his tongue was 
red and there were objective signs of neuritis of the lower limbs. He was 
extremely irritable and complained bitterly of insomnia. He had a moder- 
ate anemia with macrocytosis. Gastric polyposis was present on Roentgen 
ray examination. He was again placed at bed rest, on a high-calorie diet 
containing only traces of the water-soluble vitamins. Studies on his 
porphyrin excretion showed a normal output of urinary porphyrin, which 
did not at any time reach an abnormal level. 


Conclusions. The evidence presented here would suggest that 
while alcoholic pellagrins occasionally exhibit an increased excretion 
of ether-soluble porphyrin, this porphyrinuria is by no means a 
constant finding and bears no relationship, at least in the cases 
reported in this communication, to pellagrous dermatitis or to pro- 
longed exposure to sunlight. Furthermore, no increase in porphy- 
rin excretion was found in the 3 patients reported here who gave no 
history of alcoholism, nor in the 4 patients with endemic pellagra 
included in a previous communication.'® It must, therefore, be 
concluded that an increased excretion of porphyrin in the urine is 
not an essential feature of pellagra and, it seems probable, that 
when porphyrinuria appears in pellagra, it is perhaps consequent 
upon some alteration of liver function, as Dobriner® has suggested. 
Finally, we wish to stress that an examination of the urine for 
increased porphyrin does not in any way aid in the diagnosis of 
pellagra. 

We wish to thank Dr. K. Dobriner for his suggestions in regard to the technique 


employed; Mr. Frank Cohen, M.S., for excellent technical assistance; and Dr. 
William B. Castle for his advice and helpful criticism in the preparation of this paper. 
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Many attempts have been made to demonstrate some charac- 
teristic abnormality of renal function in late toxemia of pregnancy 
which might serve as an aid in diagnosis, or a gauge of prognosis 
and treatment. ‘Tests of the ability to concentrate urine, examina- 
tions of urinary sediment, estimations of the rate of excretion of 
phenolsulphophthalein (phenol red) and determinations of urea 
clearance have alike failed to establish the presence of abnormalities 
which might systematically be correlated with the clinical state 
(Hurwitz and Ohler,'® Elden and Cooney,"! Dieckmann,'® Elden, 
Sinclair and Rogers," Brown,’ Cheslev®). Estimations of renal blood 
flow determined from plasma diodrast clearance have vielded similar 
results (Chesley et al.*). 

Proteinuria which occurs during late toxemia of pregnancy is 
evidence of the constant presence of a renal and, more particularly, 
of a glomerular lesion, although neither its presence nor severity 
of themselves aid greatly in prognosis. It is therefore apparent 
that a test of renal function which might vield more definite results 
in toxemia of pregnancy than those previously used must concern 
itself with the measurement of glomerular function. The establish- 
ment of inulin clearance as a measure of glomerular filtration and of 
diodrast and phenol red clearances as measures of renal blood flow 
in work furthered and reviewed by Smith” has vielded methods 
which might properly be applied to this problem. We have there- 
fore used these methods in observations of renal function in cases of 
late toxemia of pregnancy. 


_ 
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Methods. 1. Selection of Patients. The cases studied were selected from 
those seen in the wards of the Obstetrical Service of the Indianapolis City 
Hospital. The syndrome of late toxemia of pregnancy was evidenced by 
hypertension, edema and proteinuria in nearly all of them. Both edema 
and marked proteinuria were absent in a few instances. Many of them 
complained of headache and visual disturbances. Eclampsia developed in 
9 cases, in 2 of which the convulsions appeared postpartum. Because par- 
ticular interest was paid the typical syndrome as it appeared in young 
primiparz, the distribution of cases as to age and parity does not reflect 
the frequency with which the various types of cases were admitted to the 
wards for treatment. 

Patients whose edema was slight, whose retinal changes were few, whose 
arterial hypertension fell with rest in bed, who had few subjective symptoms 
and no convulsions, were considered instances of mild toxemia. Cases 
with greatly increased diastolic arterial pressure, severe proteinuria, marked 
alterations of the ocular fundus, and who developed convulsions, were 
considered severe. 

2. Tests of Renal Function. Renal function was measured by means of 
the renal clearances of phenol red and inulin, supplemented in some cases 
by simultaneous observations of the clearances of diodrast and urea. The 
preparation and administration of infusion fluids, collection of specimens 
and calculation of results was in general done by the methods described by 
Smith, Goldring and Chasis.” Phenol red was determined by the method 
outlined by Coreoran and Page,“* inulin by the method of Corcoran and 
Page, diodrast by a slight modification of the method of White and Rolf? 
and urea by the manometric hypobromite method of Van Slyke and Kugel.” 
Urine flow was not accurately measured, since the calculation of excretion 
rate was made from the volume of combined urine and washings. However, 
care was taken to maintain the rate of urine formation above 0.5 ec. per 
minute. 

3. Calculation and Interpretation of Results. At low plasma levels the 
proportion of diodrast removed from blood plasma as it passes through the 
normal explanted dog's kidney varies from about 74°; (White and Hein- 
becker) to 85° (Corcoran, Smith, and Page*). It may be assumed that 
some blood passes to non-excretory tissues, so that the extraction of dio- 
drast by excretory tissues is probably greater than 85°;. Further, there is 
a small renal contribution of diodrast from the red cells (White and Hein- 
becker®). The net diodrast excretion is therefore, approximately equal to 
complete extraction from plasma, and (DC) (plasma clearance of diodrast) 
is nearly equal to the rate of plasma flow to excretory renal tissue (effective 
DC 
matocrit 
as a close approximation of the rate of effective renal blood flow (R.B.F.) 
(Smith, Goldring and Chasis*). Caleulated in this manner, the renal blood 
flow of normal adult males averages about 1300 ec. per 1.73 sq. m. of body 
surface per minute (range 1050 to 1680 ec. per 1.73 sq. m. per min.) (Chasis, 
Ranges, Goldring and Smith‘). The renal blood flow of normal pregnant 
and non-pregnant women, calculated from plasma diodrast clearance, aver- 
ages 856 cc. per 1.73 sq. m. of body surface per minute (range 694 to 1235 ce. 
per 1.73 sq. m. per min.) (Chesley and Chesley*). 

Phenol red is removed from plasma by the secretory mechanism also 
responsible for excretion of diodrast. However, the proportion of phenol 
red removed from plasma by the explanted dog’s kidney averages only 
48.5% (Coreoran and Page**). The plasma clearance of phenol red (PC) 
in dogs is therefore a little more than one-half that of diodrast. In human 


renal plasma flow). The value fa= ) may therefore be accepted 


beings, the ratio of simultaneous phenol red/diodrast clearance ( a aver- 
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ages 0.56 (Smith, Goldring and Chasis”). The clearance of phenol red is 
depressed about 5°, by the presence of small — ntration of diodrast 


(1 mg. per 100 cc.). Consequently, the value b ‘) will nearly equal the 


average level of plasma diodrast clearance and this value divided by the 
plasma fraction (1-hematocrit ratio) indicates the approximate level of 
effective renal blood flow. The phenol red clearance of normal males 
averages 394 ce. per minute per 1.73 sq. m. of body surface (Smith, Goldring 
and Chasis™). Renal blood flow calculated as 
1125 ce. per 1.73 sq. m. of body surface per minute. 

Inulin is excreted pear by glomerular filtration (Smith”). Inulin clear- 
ance (IC) is therefore an exact measure of the volume of glomerular filtrate. 
ants diodrast clearance is nearly equal to the rate of plasma flow through 
excretory renal tissues. Plasma phenol red clearance equals approximately 


1-hematocrit ) averages 


60°, of this value; consequently, the ratios IC/DC or | express the 


proportional volume of glomerular filtrate formed from plasma as it per- 
fuses the kidneys. This value, known as filtration fraction (FF), varies 
with changes of intraglomerular pressure and, independently of these, with 
alterations in the efficiency of the filtering surface. Increased intra- 
glomerular pressure is reflected in an increase of filtration fraction since the 
proportion of water removed by filtration is increased. Swelling of the 
filtering surface would lower filtration fraction and decrease the removal 
of plasma water by impairing the efficiency of the filter. The filtration 
fraction of normal adult males averages 0.177 (range 0.153 to 0.218) (Chasis, 


Ranges, Goldring and Smith‘). The ratio ( 1c) is similarly a measure of 
the relative volume of water removed from renal plasma by filtration. The 
PC\ . 
average ratio of phenol red/inulin clearance ( ic) in normal males is 3.2. 


(Smith, Goldring and Chasis*). 

The values reported here are: 1, renal blood flow (RBF) either as cal- 
culated from plasma diodrast clearance, or as approximated from plasma 
phenol red clearance; 2, plasma diodrast clearance in some cases (DC); 
3, plasma phenol red clearance (PC) without correction for the presence of 
diodrast; 4, plasma inulin clearance (IC); 5, filtration fraction (FF) eithér 


. {IC 
as calculated from the ratio ( De) or as approximated from phenol red and 


inulin clearances; 6, phenol red/inulin clearance ratio ( Ic) in those cases in 


which diodrast clearance was not done. Urea clearance was determined 
in all patients; in some of them simultaneously with the clearances of phenol 
red and inulin. 

4. Other Observations. Estimations of plasma protein content were made 
in most cases. Addis concentration test and counts of the organized urinary 
sediment were done in some cases. 


Results. I. INiTIAL OpservATIONS. The initial observations of 


renal function fall into three groups: A, one in which glomerular 
filtration is depressed out of proportion to the rate of renal blood 


flow low FF or high 


of glomerular filtrate is increased ( high FF, low PC 


AD . I ( . . 
which both FF and the ratio are within the normal range. 


IC 


):B, a group in which the relative volume 


C, a group in 


SSS 


Grou 


p A. 
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The average approximate rate of renal blood flow was 


989 ce. per 1.75 sq. m. body surface per minute at the first observa- 
Although this value was within the normal range of renal 
blood flow in normal pregnant and non-pregnant human beings, it 
will be noted that the average includes one (Case 7) in which renal 


tion. 


blood flow was abnormally low. 


. (I 
and was uniformly low. Similarly, the ratio 


TABLE 1 


Onset, Mil 


Data ON RENAL FuNCTION IN CASES OF 
Con- Blood 
1 vulsions, pressure, RBI DC PC IC uc 
mm. Hg Ce, per 1.73 sq. m. per min 


mos. Severe. Births. No 


7 M 
S 
7 M 
7 M 
7 M 
M 
3 M 


1 Al 
l A2 
l 0 
Al 
l A3 
A2 
A2 

0 
1 0 
1 0 
1 0 
1 A3 
13 0 


Group A. Low Filtration Fraction 


180/130 1050 657 457 82 
160/110 907 520 208 105 
150/100 

144/96 675 398 232 92 
190/114 846 333 bi 44 
154/100 815 95 
132/84 768 267 75 40 
126/78 700 265 75 51 
128/80 S10 201 
132/82 280 
126/70 1098 $15 13¢ 
124/72 

170/100 1260 is4 112 70 
150/90 715 258 119 75 
Normal full term delivery: no hypertension 
132/84 780 472 294 104 
170/120 1065 671 32 S] 
160/90 705 413 244 93 
130/86 S50 546 is4 130 
155/95 1287 16 76 
115/70 696 24 7s 4? 
160/100 1075 (42 304 HS 
130/70 436 27 21 62 
120/76 595 365 204 79 
106/68 985 592 287 104 

Iwo months pregnant at last observation 
190/150 40 179 42 
140/86 1130 407 121 

142/84 801 543 376 118 
190/130 1105 642 65 Q? 
120/90 744 454 254 tn) 
156/100 765 446 230) OS 
165/112 1038) iR0) 103 48 
176/110 (768 . 272 75 
148/96 659 233 104 
154/100 1130 421 109 
128/80 1030 386 129 
150/100 1048 650 359 103 
126/80 805 516 85 99 
124/78 776 477 257 119 
158/100 (697) 320 
152/94 440) 276 188 62 


Toxemia three times in previous pregnancies 


LaTeE TOXEMIA OF 


Hypertension in interval 


Filtration fraction averaged 0.135 


.} was increased. 
( 


PREGNANCY. 


P.C, Obs 
r.P lay 
“6P 
51P 
7.8 72P 
4.7 6A 
2 SP 
5 22P 
) 25P 
51P 
SIP 
0 136P 
6S0P 
SI 
2 901 
4401 
6.4 1092P 
ISA 
5P 
8 109P 
2] 
15 16P 
6.1 
16P 
7P 
114P 
2 1A 
26P 
7 380P 
16P 
7 20A 
4A 
2 
0 2s] 
( 3A 
12P 
7 112P 
87 6.2 4A 
7.0 


Case 
No FI 
‘ 125 
184 
0.168 
0.170 
0.195 
) 197 
19% 
0.121 
1% 
0. 105 
0 22% 
0 170 
0.14 
0.217 
0.143 
198 
0220 
‘ 0.162 
0.165 | 
() 268 
0.155 
0 200 4 
12 0.158 
0.192 
0.249 
I 0.155) 3 
0.225 
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Group B. High Filtration Fraction. 


6 M 2 0 160/110 (660) , 250 06 0.230) 2.6 - WA 
Family history of hypertension. 


2 7 M 1 0 154/110 (768) - 345 143 se (0.248) 2.41 6.6 35A 

M 0 140/100 (S90) 338 136 (0.241) 2.48 5.8 4A 
138/s4 (770) 309 127 (0.247) 2.42 10P 
110/64 972 573 336) 05 : 0.165 7.4 408P 
Family history of hypertension 

M 7 0 150/120 (S60) 323 137 76 (0.254) 36 6.2 4A 
160/104 (707) ‘ 250 113 SS 0.272) 2.21 10P 
170/105 (685) 252 104 68 0.249) 2.42 ‘a 73P 
Symptoms of hypertension for about 10 years. 

5 th M Ss 0 230/140 664) 262 111 0.254) 2.35 7.8 10P 
Hypertension present before onset of this pregnancy. 

t M 1 0 145/100 (432) 161 62 (0.230) 2.57 7A 
Hypertension present before onset of this pregnancy. 

7 7 M 1 0 155/100 773) 288 115 ‘ (0.249) 2.45 7.9 7A 
Second pregnancy 1 year later without hypertension. 

‘ M Pi 136/92 (465) 173 79 (0.274) 2.20 10P 
Grover C. Normal Filtration Fraction. 

1 8 M 1 Pi 152/90 (1175) oe 440 134 wri (0.183) 3.29 6.7 5A 

2 7 M 1 0 164/104 (830) 331 112 79 = ~=©6©(0. 203) 2.95 6.9 40A 
124/74 907 625 331) 126 0.203 6.8 390P 
Second observation at term of normal pregnancy 

3 8 M 1 0 168/102 (590) oS 915 74 0. 206) 2.9 6.9 4P 

H ‘ M | 0 144.90 (700) 260 SS 62 0.203) 2.95 64 23A 
130/80 592 342 125 0.211 595P 

7 M 6 0 170/105 (1162) ihe 424 145 - (0.192) 2.92 6.8 4A 

140/80 (914) 327 115 - (0.206) 2.84 = 28P 
144/68 623 458 (275) 117 oe 0.256 381P 

f 7 M 1 0 190/110 (810) gc 320 105 69 (0.197) 3.05 a 5P 

7 8 M 1 0 150/100 (699) 256 77 ; (0.181) 3.32 ss 3A 


he abbreviations RBF, DC, PC, IC and UC indicate respectively renal blood flow, plasma diodrast clearance, plasma 


henol red clearance, plasma inulin clearance and plasma urea clearance. These values are expressed in cc. per 1.73 square 


eters of body surface per minute. Renal blood flow calculated from phenol red clearance is indicated by parentheses. 


ndicates filtration fraction derived from the inulin/diodrast clearance ratio; those calculated from phenol red clearance 
n parentheses, Phenol red/inulin clearance ratio (P/I) is calculated only in those cases in which diodrast was not 


ministered. No correction is made in phenol red clearance for depression by diodrast. Phenol red clearances observed 


iring administration of diodrast are therefore indicated by parentheses. The day on which the observation was made 


ndicated in number of days ante- or postpartum. 


Seven of the 13 cases were considered severe, and antepartum 
eclampsia was present in all of these. Total plasma protein content 
was decreased below 6.5 gm. per 100 ce. in the 11 cases in which 
this determination was made. There was marked proteinuria in 
every instance. Constriction of retinal arterioles was present in 
12 cases and retinal edema or papilledema in 6. Retinal hemor- 
rhages and exudates occurred in 2 instances. 

Group B. The average approximate renal blood flow during the 
initial examination was 688 ce. per 1.73 sq. m. per minute. The 
IC 
IC 


was decreased in all cases. Three of these patients had shown 


approximate average filtration fraction was 0.247. The ratio 
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arterial hypertension before the pregnancy during which observa- 
tions were made. Three others of this group stated that hyper- 
tension was present in other members of their family. Plasma pro- 
tein content was greater than 6.5 gm. per 100 ce. in 3 of 5 cases in 
which it was determined. The fundi were normal in 1, showed 
moderate constriction of retinal arterioles in 2, constriction and 
sclerosis in 8 and constriction, sclerosis and scattered small retinal 
hemorrhages in 1. Proteinuria was scant (trace) in 3 cases. A 
postpartum convulsion occurred in 1 case. 

Group C. In the third group of & patients, renal blood flow 
averaged 853 cc. per 1.73 sq. m. per minute. The approximate 

average filtration fraction was 0.165. The average ratio oC was 
3.05. Retinal arterioles were slightly constricted in 1 instance. 
The retina appeared to be edematous in 2 cases. Peripheral edema 
was slight and proteinuria moderate. ‘Total plasma protein content 
was greater than 6.5 gm. per 100 cc. in all but 1 of 5 cases. All 
were regarded as mild cases of late toxemia of pregnancy, but 1 had 
a mild postpartum convulsion. One of them (Case 2) was reéxam- 
ined at term of a second pregnancy, which was completed without 
evidences of toxemia. The results at the second examination are 
nearly identical with those of the first observation. 

II. SUBSEQUENT Course. 1. Immediately Postpartum. Group A. 
Although filtration fraction was decreased in 1 case on the eighth day 
postpartum, this abnormality had disappeared by the fifth day in 
another. Filtration had increased in all cases of the first group at 
the time of second observation. Renal blood flow fell from the high 
level obtained at first observation in 8 cases of this group, while it 
increased greatly in the 1 case in which it had been very low (Case 7). 
In some of these cases the blood pressure had not yet returned to 
normal at the time at which these changes were observed. 

Groups B and C. Observations shortly after delivery in patients 
of these groups are too scant to allow conclusions. No change of 
blood flow or filtration fraction had occurred after delivery in 
Cases 3 and 4 (Group B) and Case 5 (Group C). 

2. Later Course. Group A. Arterial hypertension with decreased 
renal blood flow and increased filtration fraction persisted in the 
| case of the first group in which late toxemia of pregnancy compli- 
cated the course of essential hypertension (Case 13). Three (Cases 
1, 8 and 10) of this group have developed slight arterial hypertension 
with decreased renal blood flow and some increase of filtration frac- 
tion. Case 7 may be entering a similar phase. Blood pressure 
observations during pregnancy, but before the onset of toxemia were 
within normal limits in these cases. Three patients (Cases 3, 4 
and 12) show a tendency to increased filtration fraction and de- 
crease of renal blood flow, but without hypertension. One of these 
(Case 3) was delivered of a normal full-term pregnancy 6 months 
before the last observation. Three patients (Cases 2, 6 and 7) have 
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normal blood pressures, renal blood flows and filtration fractions 
when observed from 4 months to a year postpartum. Cases 5 and 
11 yielded normal values when seen 2 and 4 weeks postpartum, but 
are no longer under observation. 

Group B. Of the cases of the second group, 1 which had shown 
hypertension for about 10 years before symptoms of toxemia devel- 
oped, continues to show hype rtension, decreased renal blood flow 
and increased filtration fraction (Case 4). There was no evidence 
of hypertension nor of renal abnormality in another (Case 3) ob- 
served more than a year after toxemia. This patient had _ pre- 
viously shown no hypertension. One (Case 7) went through a 
second normal pregnancy 1 year after the toxemia. Moderate 
hypertension has persisted in Cases 5 and 6, although observations 
of renal function are lacking. 

Group ©. Many members of the third group are similarly una- 
vailable for reéxamination. One of them (Case 2) at term of a 
second normal pregnancy shows almost exactly the same rate of 
renal blood flow and filtration rate which were present during her 
first mildly toxemic pregnancy. Another (Case 5) now shows slight 
arterial hypertension, decreased renal blood flow, and increased 
filtration rate. 

Discussion. I. Filtration Fraction. The separation of cases of 
late toxemia of pregnancy into three subgroups in this report is 
made on differences in filtration fraction. There are also certain 
differences in the rates of renal blood flow in these groups. Since 
distinction of these types on the basis of test of renal function is 
appare ‘tly coupled with differences in prognosis, it is pertinent to 


inquire whether this separation is arbitrary or justifiable. 
lhe ranges of filtration fraction, or the ratio te found in normal 


C 
males (Chasis, Ranges, Goldring and Smith,‘ and Smith, Goldring 
and Chasis) were the criteria used in making this separation. Our 
own experience (unpublished) from observations in normal and 
hypertensive females has tended to confirm their results. Observa- 
tions of filtration fraction estimated from creatinine and diodrast 
clearances in normal pregnant and non-pregnant females have 
established that filtration fraction is not altered by pregnancy 
(Chesley and Cheslev*). However, since renal clearance of creati- 
nine in human beings is in part normally due to tubular secretion 
(Smith), the absolute values of filtration fraction obtained from 
determinations of creatinine clearance are not regarded by Chesley 
and Chesley as strict measures of the proportion of water remov ed 
from plasma by filtration. Accurate indications of filtration frac- 
tion are only obtainable when inulin clearance is determined. It is 
therefore likely that the criteria used in the separation of our cases 
into subgroups at the limits of the ranges of normal filtration are 
applicable to pregnant women. 

Filtration fraction, approximated from simultaneous determina- 
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tions of endogenous creatinine and diodrast clearances in cases of 
toxemia of pregnancy by Chesley, Connell et al. were not considered 
of value by the authors. It should be noted, however, that the 
range of approximate filtration fraction which they obtained was 
0.084 to 0.283 and is therefore in general agreement with our results, 
Further, by calculation from their results, it will be noted that the 
average of “filtration fraction”’ in severe cases and in eclampsia is 
0.137, while the average of mild cases is 0.154. This is also con- 
sistent with our observations of the greater frequency of low filtra- 
tion fraction in severe and eclamptic cases. These authors also 
note that renal blood flow is characteristically normal in toxemia of 
pregnancy (average 844 cc. per 1.73 sq. m. per min.) although the 
range of variation is greater than is found in normal pregnant and 
non-pregnant women. This observation is also in agreement with 
our data. 

We may therefore conclude that late toxemia of pregnancy may, 
by observations of diodrast or phenol red and inulin clearances, be 
divided into groups, one with low, another with high, and another 
with normal filtration fraction. 

II. Renal Lesion. The changes found in patients of Group A are 
of particular interest. All showed decreased or low filtration frac- 
tion. In many of them the rate of renal blood flow was increased 
during toxemia over levels which it attained in observations made 
after delivery, while it was reduced in 1 case, in whom it subse- 
quently increased. The decrease of filtration of water from plasma 
in these cases was due either to hemodynamic intrarenal changes 
resulting in decreased intraglomerular pressure (constriction of affer- 
ent arterioles or relaxation of efferent arterioles) or to increased 
resistance of the filtering surface. The slight increase of renal blood 
flow found in some of these cases is consistent with efferent arteriolar 
dilatation, although it excludes afferent vasoconstriction. However, 
it would be impossible on this assumption to explain reduced filtra- 
tion fraction in those cases in which rénal blood flow was normal or 
decreased. It is therefore likely that the primary functional lesion 
lies in the glomerular filter, which, even under the increased arterial 
pressure of late toxemia, fails to permit the passage of the normal 
fraction of plasma water. 

Swelling of the glomerular basement membrane is present in fatal 
cases of preéclampsia and eclampsia (Bell,? Baird and Dunn‘) and 
may be found long after when death has occurred from other causes 
(Page and Cox!’). This lesion is present even in the early stages of 
preéclampsia, while other lesions found in fatal late toxemia of 
pregnancy may be of recent and terminal origin. It is therefore 
likely that this change is in some measure typical of late toxemia of 
pregnancy. The reduced efficiency of filtration which we have 
found in cases of our first group is the functional equivalent of this 
anatomic change. We therefore consider a reduction of filtration 
fraction as characteristic of-many cases of late toxemia of pregnancy. 
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Bell,? Peters”! and others have described the histologic differences 
between the kidney in late toxemia and in acute nephritis, while 
noting that the thickness of the glomerular membrane is increased 
in both conditions. As in toxemia, a decrease in filtration fraction 
occurs during acute nephritis in human beings (Goldring and 
Smith") and is also present during the nephrotic stage of chronic 
glomerulonephritis (personal observation). A similar change occurs 
as a result of subendothelial glomerular swelling in the course of 
experimental nephrotoxic nephritis in dogs (Fouts, Corcoran and 
Page"). Renal blood flow is increased during the early acute state 
of nephrotoxic nephritis in dogs and later usually decreases, appar- 
ently as the result of reversible occlusion of the glomerular capil- 
laries by swelling. The low renal blood flow observed initially in 
Case S (Group A) may be similarly explained. Some of these cases 
whose blood flow was normal and not altered during recovery may 
also have had areas of glomerular occlusion. The tendency to 
increased renal blood flow in other cases, confirmed by restoration 
of renal blood flow at lower levels after recovery, further suggests a 
similarity of the renal state in toxemia of pregnancy and in nephro- 
toxic nephritis. We are therefore tempted to suggest that there 
may be some underlying similarity in the genesis of these processes. 

‘The increased filtration fraction and low renal blood flow present 
in cases of the second group is similar to the state which obtains in 
essential hypertension (Goldring, Chasis, Ranges and Smith"). 
Constriction of the efferent glomerular arterioles increases intra- 
glomerular pressure, and therefore the proportion of water removed 
from plasma by filtration, while it restricts the flow of blood through 
the kidney. Efferent arteriolar constriction in essential hyperten- 
sion may be the result of the operation of the chemical mediating 
system described by Page,° in which angiotonin is the effective 
renal vasoconstricting agent (Corcoran and Page*). 

The absence of renal functional abnormalities in cases of the third 
group can at present only be ascribed to the relative mildness of 
the condition in these cases. 

Ill. Clinical Correlation. The diagnosis of late toxemia of preg- 
nancy is entirely descriptive. As Williams?* and Zimmerman and 
Peters®® have emphasized, the term includes a variety of clinical and 
pathologic entities. The classification suggested by Goldring" is 
in general accord with other systems of classification and with 
present knowledge. Slightly modified, this classification includes 
(A) specific toxemia of pregnancy, with or without convulsions, 7. e¢., 
preéclampsia and eclampsia of unknown origin; (3) preéxisting 
or, possibly, latent essential hypertension; (C) chronic or acute 
glomerulonephritis and pyelonephritis; ()) combinations by super- 
imposition of specific toxemia of pregnancy in cases of the other two 
groups. ‘This outline does not include the group of “water reten- 
tion toxemias”’ due to hypoproteinemia or excessive sodium intake 
recently described by Strauss.**° The existence of these several 
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types clinically grouped as late toxemia of pregnancy may explain 
our observation of groups of cases differentiated by filtration fraction. 

Cases of our first group were in every way typical of specific late 
toxemia of pregnancy. Hypertension preéxisted in 1 case, but the 
renal changes in this case during toxemia were not those of essential 
hypertension, although they subsequently reverted to this type. 
Seven of the 13 cases had eclampsia and were regarded as severe on 
other grounds. Plasma protein content was markedly reduced in 
some of them. However, it does not appear that hypoproteinemia 
would reduce filtration fraction, since a decrease of plasma osmotic 
pressure should, other things being equal, result in increased effec- 
tive intraglomerular pressure. We therefore do not believe that 
these patients were primarily cases of “‘water retention toxemia,” 
although hypoproteinemia may have contributed to their condition. 
Since we believe that cases of this group were typical of specific 
toxemia of pregnancy, we suggest that a decrease of filtration 
fraction is characteristic of this state. 

The functional alteration in cases of our second group (Group B) 
is, as has been noted, identical with that of essential hypertension. 
It is therefore significant that hypertension was known to be present 
in 4 of 9 cases before the onset of pregnancy and that 3 other patients 
of this group had close relatives who either suffer from or died of 
arterial hypertension. We therefore suggest that patients whose 
filtration fraction is increased during toxemia of pregnancy suffer 
from essential hypertension, either preéxisting or formerly latent 
and whose clinical course is modified by pregnancy. 

Clinical manifestations of toxemia were mild in most instances of 
Group C. Edema was present, but was limited to slight puffiness 
of the face and early pitting over the shins in all cases. Protein- 
uria was greater than a trace (1+) in all cases but 1, in which it 
was recorded as 2+. Retinal arterioles showed some constriction 
in 5 cases and sclerosis in | instance. In 2 patients retinal edema 
may have been present. Most of these showed marked improve- 
ment with rest in bed and general measures of hygiene. The 
absence of definite abnormalities of renal clearances of phenol red 
or inulin suggest that renal structural changes were proportionately 
scant. Consequently, although it appears that these cases more 
closely resemble those of Group A than those of Group B, we are 
unable to offer a more definite classification of this group. 

IV. Filtration Fraction in Prognosis. The data at hand suggest 
that decreased filtration fraction, whatever the level of renal blood 
flow, is frequently associated with a severe course and with eclamp- 
sia. Filtration fraction is either normal or increased in cases whose 
courses were mild, although postpartum convulsions occurred in 2 
of 20 such patients. Unequivocal statements of the bearing of filtra- 
tion fraction on prognosis must await a larger series of observations. 

Lasting arterial hypertension developed in 3 of 13 cases whose 
filtration fraction was decreased. Another 3 patients of this group 
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now show renal changes which may indicate that hypertension will 
develop. Three at least have recovered without residual hyperten- 
sion or renal abnormality. The incidence of late hypertension in 
members of this group is approximately that which might be 
expected in cases of this type (Herrick'?). Data with regard to late 
prognosis are inadequate in members of the second and third groups. 
More definite information as to the statistical influence of filtration 
fraction on late prognosis will be obtained in continuing observations. 
_ Summary. Observations on the rate of renal blood flow and on 
the proportion of water removed from plasma by glomerular filtra- 
tion (filtration fraction) were made in cases of late toxemia of 
pregnancy. 

Filtration fraction was found to be decreased in some, increased 
in others, and within normal limits in still other cases. Decreased 
filtration fraction seemed characteristic of those cases which were 
clinically typical of idiopathic specific late toxemia of pregnancy. 
Seven of those with decreased filtration were eclamptic. It is sug- 
gested that the renal lesion of preéclampsia and eclampsia, namely, 
swelling of the basement membrane of glomerular capillaries, is 
functionally expressed in decreased filtration fraction. The simi- 
larity of the renal changes in cases of this type and in nephrotoxic 
nephritis in dogs is noted. The course of toxemia of pregnancy 
Was more severe in cases whose filtration fraction was reduced. 
Lasting hypertension has since developed in some of these. The 
persistence of hypertension has been associated with a decrease in 
renal blood flow and increased filtration fraction, presumably the 
result of efferent arteriolar constriction. 

Clinical observation in patients whose filtration fraction was 
increased suggest that these suffered from preéxisting or previously 
latent essential hypertension. No definite classification was made 
of those cases whose renal blood flow and filtration fraction were 
within normal limits. The clinical course in both these latter groups 
was mild. 

Conclusions. 1. The characteristic renal lesion of specific late 
toxemia of pregnancy, namely swelling of the glomerular basement 
membrane, is functionally expressed in a decrease in the proportion 
of water removed from plasma by glomerular filtration (filtration 
fraction). 

2. Cases of late toxemia of pregnancy in which filtration fraction 
is increased, on clinical and functional grounds may be classified as 
essential hypertension, preéxisting or formerly latent. 

3. Cases of late toxemia of pregnancy in which filtration fraction 
and renal blood flow are within normal limits cannot be classified on 
renal functional grounds, although many of them are apparently 
milder expressions of the syndrome of specific late toxemia of 
pregnancy. 

4. The clinical course is more severe and the incidence of eclampsia 
much greater in those patients whose filtration fraction is decreased. 
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5. Certain patients who showed decreased filtration fraction dur- 
ing the acute course of toxemia of pregnancy later showed an in- 
crease in filtration fraction and a decrease of renal blood flow. 
Some of these have at the same time developed lasting arterial 
hypertension. 
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IN a previous study! it was reported that paredrinol sulphate has 

a beneficial effect in sodium nitrite collapse. Sodium nitrite pro- 

duces circulatory collapse in the upright position by decreasing the 
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venous tone, which in turn causes increased venous pooling in the 
portions of the body below the level of the heart.’ Paredrinol is 
useful in this condition because it increases the venous tone. 

Observations were also made on the effect of paredrinol on the 
clinical condition, the pulse, and the arterial pressure of 10 patients 
with advanced circulatory failure (% from acute infectious diseases, 
2 from miliary tuberculosis) characterized by low arterial pressure; 
rapid, feeble pulse; and cold extremities. In these patients pare- 
drinol had much less effect than in normal subjects. Although 
larger doses were used, in only 2 instances did the arterial pressure 
rise to hypertensive levels. Only 2 of the 10 patients showed defi- 
nite clinical improvement. It was suggested at that time that this 
poor response to paredrinol might be a manifestation of the decrease 
in total blood volume which is present in certain types of shock, and 
that paredrinol, though effective in the circulatory collapse caused 
by pooling of blood within a dilated venous system (nitrite collapse), 
might not be helpful in collapse resulting primarily from loss of fluid 
from the blood stream. Since the clinical picture in critically ill 
patients is the result of many factors, it is difficult in a given case 
to ascertain the principal cause of the circulatory collapse, and the 
reason the response to medication differs from that of normal sub- 
jects. In order to determine the effect of a decrease in blood volume 
on the response of the body to paredrinol, it was necessary to study 
under controlled conditions the action of paredrinol in collapse 
resulting primarily from decreased blood volume without the com- 
plicating factors of infection and tissue damage. The action of 
paredrinol on the clinical condition, pulse, and arterial pressure of 
(} normal volunteer subjects in whom the blood volume had been 
decreased by venesection was, therefore, studied. There is no danger 
in rapidly removing large quantities of blood from normal subjects’ 
by venesection. If circulatory collapse occurs, the sharp fall in 
arterial pressure will prevent the removal of any more blood from 
the venous system. Normal persons always recover spontaneously 
from this type of collapse. 


Method. The amount of intravenous paredrinol needed to produce a 
definite rise in arterial pressure was determined for each subject while in 
normal state. On the following day from 760 to 1220 ec. of blood (15°% 
to 20°; of the total blood volume as measured by the plasma volume and 
the hematocrit) was removed by venesection. Three to 60 minutes later 
the same quantity of paredrinol used in the control test was injected intra- 
venously. The arterial pressure was determined with a mercury manometer 
by the auscultatory method. 


Results. In 5 of the 6 subjects, circulatory collapse occurred 
either during the venesection or a few minutes after completion 
of the procedure, as indicated by weakness, marked pallor, sweating, 
nausea, and a feeling of weight on the epigastrium. The subjects 
responded slowly, if at all, to commands. One person became 
unconscious. The blood pressure fell precipitously, and the heart 
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rate became very slow. In 2 subjects the collapse was not treated, 
and the patients recovered spontaneously. In 3 subjects paredrinol 
was given at the height of the collapse. The results are summarized 
in Table 1. 


TABLE 1.—EFFECT OF THE INJECTION OF PAREDRINOL ON THE ARTERIAL PRESSURE 
AND HEART RATE IN NORMAL SuBJEcTS BEFORE AND AFTER VENESECTION 


Paredrinol (intravenous). 


Dura- 
Resting Resting Corre tion 
Venesec- blood pulse rate Time Maximum sponding of 
Subject tion pressure beats after Amount blood pulse effect 
mm. Hg per min vene- Clinical state mg | rate min 
section 
min 
Before 140/90 Normal 185/115 44 at 
After 132/90 74 60 Nosymptoms 10 162/105 56 10 
Cc Before 115/80 Normal 10 l 1K ti 
After 106/90 78 55 Nosymptoms lt 148) 100 72 15 
K Before 102/70 75 Normal 10 158/& 4 22 
After 88/62 62 25 Nausea and 10 150/80 50 24 
pallor 
B Before 118/74 70 Normal 10 170/90 44 2 
After 62/40 4() 3 Pallor, nause l 150% 51 
unconscious 
W Before 122/84 bt Norma l 174-10 54 at 
After 50/30 40 Ss Nausea, pal 10 10/8 ti 
lor swea 
in 
} Before 118/78 74 Norma ) 174/1 til 
After Could not 40) 4 Nausea, pal ) | 7 72 
obtain lor veat 


In 3 subjects paredrinol was injected from 25 to 60 minutes after 
the venesection, when they were symptom free. Two of the sub- 
jects had developed circulatory collapse, but had recovered before 
the administration of the paredrinol. In each of these 3 instances 
there was a rise in arterial pressure and a fall in heart rate. The 
arterial pressures did not reach as high a level as before venesection. 
The resting blood pressure, however, was lower after the venesection 
so that the relative rise was nearly as great after as before venesec- 
tion. None of the subjects developed any symptoms. 

In 3 cases paredrinol was injected at the height of the collapse. 
The subjects were pale, sweating, and nauseated, and the hands 
were cool. In 2 svbj--ts the arterial pressure was 62/40 and 
50/30 mm. Hg respectively; in the third it could not be obtained. 
In each case within 3 minutes after the injection of paredrinol the 
systolic pressure had risen to 100mm. _ The arterial pressure did not 
reach the level attained before venesection. The difference between 
the heights to which the arterial pressure rose before and after 
venesection was more marked in these subjects than in those who 
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had received paredrinol from 25 to 60 minutes after venesection. 
As the blood pressure never returned to the low level present at 
the height of the collapse, it was difficult to judge the duration of 
the action of the drug. In the subjects with collapse the heart 
rate was very slow at the time of the injection. When the arterial 
pressure was raised by paredrinol, the pulse rate increased, although 
it remained below the normal resting level. 

The 2 subjects who developed collapse but did not receive pare- 
drinol made a much slower recovery. The systolic pressure re- 
mained below 100 min. Hg for 30 minutes, and the subjects com- 
plained of weakness, sweating, and nausea for 15 to 30 minutes. 

These experiments demonstrate that a decrease in blood volume 
does not contraindicate the use of paredrinol. When the blood 
volume is decreased no untoward symptoms occur following the 
administration of the drug, though the arterial pressure does not 
rise to as high a level as in normal subjects. In the presence of 
circulatory collapse caused by such a decrease in blood volume 
(hemorrhage), paredrinol causes a rise in arterial pressure and 
shortens the course of the collapse. 

These observations indicate that in severe circulatory collapse 
from acute infectious diseases other factors than a decrease in blood 
volume are operative in altering the response of the circulation to 
paredrinol. It may be that in certain instances these changes are 
secondary to a long-continued reduction in blood volume. 

Conclusions. Tl aredrinol is useful in the treatment of circulatory 
collapse resulting from hemorrhage, because it causes a rise in 
arterial pressure and relieves the symptoms of the collapse. The 
lack of clinical improvement in patients with severe circulatory 
collapse from acute infectious diseases is due to the fact that the 
collapse is the result of a combination of factors and not of a simple 
reduction of blood volume. 
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THE CLINICAL IMPORTANCE OF SMALL INTRACUTANEOUS 
VEINS IN THE HUMAN CHEST. 


By Joun B. Burrerr, M.D., 
AND 
Davin Scuerr, M.D., 
NEW YORK. 
(From the Department of Medicine, The New York Medical College, Flower and 
Fifth Avenue Hospitals.) 
In 1885 Sahli described fine cutaneous phlebectasias whose 
course paralleled the lower anterior borders of the lungs or the lower 
margin of the pleura. These visible veins were dendritic in arrange- 
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ment, corkscrew in appearance, bluish-purple in color, and more 
pronounced on the right chest wall. Since these vessels were 
originally observed in patients who suffered from chronic cough, 
Sahli believed that cough and the resultant alterations of intra- 
thoracic pressure produced congestion and dilatation of the super- 
ficial veins. Subsequently Sahli'® abandoned this explanation, for 
additional experience indicated that these ectasias were present in 
normal subjects who had not been afflicted with a chronic cough. 
Since the veins at the junction of the thorax and abdomen were 
exposed alternately to positive intra-abdominal and negative intra- 
thoracic pressure during the rhythmic movements of the diaphragm 
and since inspiratory retraction of the interspace might also cause 
rhythmic inhibition of the circulation, he concluded that these two 
physiologic processes could produce adequate intermittent obstruc- 
tion to blood flow. Although he did not exclude the possibility of 
provocative developmental anomalies as an additional factor, he 
believed that the mechanisms mentioned accounted for local ven- 
ous dilatation in the region of the lower borders of the lungs. 

Since Sahli’s publications these veins have received consideration 
only on rare occasions in medical literature. They are not men- 
tioned in the current textbooks on physical diagnosis although their 
incidence is high in healthy individuals. 

Several authors, however, have noted the appearance of similar 
veins as the result of certain underlying pathologic conditions. 
Lombardi® described dilatation of the cutaneous veins in the vicinity 
of the spinous processes of the seventh cervical and first dorsal 
vertebra. They were present in 90°% of tuberculous patients 
examined by him and constituted “the alarm area of varicosities” 
and “a new symptom of tuberculosis.” Congestion consequent to 
pleural adhesions at the apex or enlargement of the lymph glands 
and compression of the deep veins were offered as an explanation 
for their existence. Fishberg* observed visible chest veins, occasion- 
ally in healthy persons, and frequently in nursing women and in 
patients with chronic bronchitis, pulmonary emphysema and intra- 
thoracic tumors. Although Vierordt'’ appreciated that these veins 
appeared in healthy individuals, he regarded them as evidence of 
collateral circulation. Emphysema, adhesive pericarditis and pleu- 
risy frequently were responsible for their appearance. Neumann? 
discussed a wreath of minute capillary veins which appeared bilater- 
ally on the anterior chest wall near the attachment of the diaphragm. 
Elderly individuals with pulmonary emphysema and patients with 
pleural adhesions in the lower thorax were particularly subject to 
them. A band of dilated capillaries along the line of diaphragmatic 
attachment was observed by Hutchinson and Rainy‘ in patients 
with right heart failure. Robertson" reported the development of 
such veins anteriorly at the level of the lower lung margin and poste- 
riorly at the seventh cervical vertebra. According to him they 
owed their existence to obstruction of the azygos vein by adhesions 
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or adenopathy of tuberculous origin. The number of veins was 
proportional to the severity of the « ough, the duration of the disease 
and the extent of fibrosis but the veins were not necessarily more 
numerous on the affected side of the chest. 

This survey, far from complete, shows the difference of opinion 
prevailing in regard to the incidence and developmental mechanism 
of these veins. A systematic study of these peculiar structures in 
respect to their frequency in health and disease has not been under- 
taken as far as we can determine. 

Observations. In order to investigate these veins 385 patients 
were examined. While they represented miscellaneous clinical 
material and, in the main, were unselected, the group intentionally 
included many instances of pulmonary and cardiac disease in view 
of the alleged relationship supposed to exist between these condi- 
tions and the appearance of veins. A special endeavor was also 
made to include patients hospitalized for disorders unrelated to the 
circulatory system, such as duodenal ulcer, diabetes insipidus, 
enteritis, and so on. Both sexes are represented and the range of 
ages varied from 14 to 72 years. 

The skin was examined for these veins under good light and the 
location marked with a pencil. Frequently slight stretching of the 
skin between two fingers facilitated the discovery of small veins, 
otherwise invisible. Only intracutaneous veins, more or less den- 
dritically arranged, and occurring at the level of the pleural sinuses 
or around the last cervical and first to fifth dorsal vertebral spines 
were marked, Often their appearance closely simulates the star- 
shaped groups of veins in the cortex of the kidne y (stellulee Ver- 
hevenii). No record was made of isolated de ndritie veins, occa- 
sionally observed in the healthy or other parts of the chest or abdo- 
men, unless they were present in large numbers. 

Figure | shows a typical example of a ring of veins on the anterior 
phrenico-costal sinus in a patient with myeloid leukemia. The ring 
runs from the anterior axillary line on the right to the mid-axillary 
line on the left without interruption. There was no evidence of 
pulmonary or cardiac disease. 

igure 2 shows very pronounced and engorged veins along the 
attachment of the diaphragm in a case of mediastinal tumor. 
There was a slight compression of the superior vena cava but no 
compression of the azygos veins at post mortem. 

The protocols show that the veins were recorded in 261 (67.7%) 
of 385 patients examined. Table 1 shows that the incidence of 
occurrence increases definitely among older subjects. Among 29 
patients below the age of 20 veins were present in 14 (48.2%) while 
they were noted in 46 of 60 people of 60 vears or more (76.6%). 


TABLE 1.—INCIDENCE ACCORDING TO AGE. 
Age: 14-19. 20-39. 40-60. Over 60. Total. 
Veins present . . . . 14 80 121 46 261 
Veins absent 63 32 14 124 
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From ‘Table 2 it becomes evident that these veins were present 
in only 28 of 54 patients (51.80%) with pulmonary disease (tuber- 
culosis, emphysema, bronchitis). Accordingly no evidence was 


TABLE 2. -INCIDENCE IN VaRioUS DISEASES 


Pulm Cardiac Pleural No pulm. or 
Disease: disease decomp adhesions ecard. dis 
Veins present & 66 16 95 
Veins absent 26 28 19 42 


secured to indicate more frequent occurrence in these conditions 
nor were they more extensive when present. Among 94 decom- 
pensated cardiac patients examined (coronary sclerosis, rheumatic 


Fic. 1.—Pleural sinus veins in a case of leukemia. 


heart disease, syphilitic aortitis, hypertension) the veins were 
detected in 66 (70.2%) and were absent in 28. In 35 patients 
visible pleural adhesions were found on fluoroscopic examination. 
Of these, 10 (20.8%) failed to exhibit superficial chest veins and in 
6 the veins were present only on the side opposite to the adhesions; 
in 5 they were more prominent on the side of the adhesions. In all 
of these cases adhesions were extensive and in 4 calcification had 
occurred. 

Among 137 patients without demonstrable pulmonary or cardiac 
disease the veins were detected 95 times (69%). This group con- 
sisted of patients with diabetes, peptic ulcer and other diseases. 

Table 3 shows the location of the ectatic veins at different areas 
of the chest. Among 261 positive cases, they were bilateral in the 
region of the phrenico-costal sinus in 103 (39.5%). In only 5 of 
these cases were they limited to a circumscribed area; the remainder 


< 
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showed a longer line parallel to the costo-pleural sinus. The venous 
ring shown in Figures | and 2, running without interruption from 
right to left of the xiphoid process was noted 42 times in this study. 
The veins visible posteriorly were seen on or near the midline, in 


Fic. 2.—Pleural sinus veins in a case with mediastinal tumor 


TaBie 3.—Location or Ectatic VEINS ON THE CHEST. 


Symmetrical . 108 
Limited to left side ; Sl 
Limited to right side 16 
Venous ring without anterior interruption 42 
\t the left anterior costo-mediastinal sinus s 
More pronounced on left side 36 
More pronounced on right side. 10 
On back (seventh cervical-fifth dorsal) in addition 71 
Limited to back 13 
Limited to xiphoid process. . . 1 
Limited to eleventh dorsal spinous process 1 
Inner border of Kroenig’s isthmus 6 
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the region of seventh cervical or the first thoracic vertebra; at times 
they extended down to the third dorsal vertebra and rarely to the 
fifth. The 8 cases listed as “at the left anterior costo-mediastinal 
sinus’’ showed veins from the second or third rib at the left para- 
sternal line and extended downward in an are following the costo- 
mediastinal sinus and marking the area of so-called absolute cardiac 
dullness exactly. When the inner border of Kroenig’s isthmus was 
marked, the veins were evident posteriorly and bilaterally. 

These figures indicate that the phlebectasis under discussion 
follow the borders of the pleural sinus; they are more definitely in 
evidence at the lower anterior lung margin and most common on 
the /eft side. When posterior, they occur at the level of the seventh 
cervical and first to fifth dorsal vertebral spines, rarely near the 
eleventh dorsal vertebra. In the latter areas they may not be 
numerous and careful examination may be necessary to disclose 
their presence. At other times clearly visible red spots a few centi- 
meters in diameter will be noted. 

The relation between the veins at the anterior costo-pleural sinus 
and the attachment of the diaphragm is reflected in Table 4. 


TABLE 4.—S1tTe oF VEINS IN RELATION TO DIAPHRAGM. 


Exactly at the attachment of the diaphragm . 155 
Above attachment but in area of contact 68 
Below attachment . 6 
Above area of concact 12 
Elsewhere 5 


In 155 of 246 cases displaying veins anteriorly (639%), the fluoro- 
scope revealed that these structures were located exactly at the 
attachment of the diaphragm. In only 5 cases was there no relation 
at all to this muscle. Whenever the veins were above or below the 
contact area, a definite reason for the exception could be found. 
For example, they were above in patients whose diaphragms were 
low or horizontal (enteroptosis, pulmonary emphysema) and below 
when the skin had been stretched by large pendulous breasts or a 
recent marked reduction of weight had occurred. It was common to 
find the veins on one side at the attachment of the diaphragm and 
on the other side in the contact area. In some cases they began 
at the attachment and ascended posteriorly to the contact area. 
These are included in the first group in Table 4. 

In 17 patients the veins were studied by means of the capillary 
microscope in order to determine the direction and rate of blood 
flow in relation to the respiratory cycle. In all of this group the 
veins were quite prominent and the blood stream was readily 
visualized when filters were employed. In 14 of this group no 
change of blood flow occurred with respiration; the ordinary irregu- 
lar change from stagnation and flow observed in capillary studies 
was found and regarded as normal. A slight slowing during inspira- 
tion was visible in 3 patients but was attributed to the expansion 
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of the chest and consequent slight compression of the veins by the 
lens. Marked slowing and even standstill of blood flow occurred 
during the Valsalva experiment and is readily explained by the 
marked increase of venous pressure typical of this test. 

In 11 patients biopsies were made of the veins. The skin veins 
were found to be of unusual size for their location. The sections 
failed to reveal anything unusual in other respects. They are lined 
by a single layer of endothelium and are located in the corium. 

Discussion. ‘These cutaneous veins were present in a majority 
of the cases examined. Their number and incidence increased with 
age. No definite correlation between their number or incidence 
and various pathologic chest diseases (cardiac decompensation, pul- 
monary tuberculosis, adhesive pleuritis, and so on) could be dis- 
covered. This rule holds for the veins of Sahli as well as for those 
described by Lombardi. Only in cases with extensive, calcified 
pleural adhesions and in 2 cases of mediastinal tumor were the veins 
definitely more pronounced on the side of the lesion or bilaterally. 

The veins are located near or at the borders of the pleural sinuses. 
They are most common on the left side over the anterior phrenico- 
costal sinus. From the locations of the veins, enumerated above, 
it will be seen that their appearance is not dependent upon diaphrag- 
matic movements but they are related to the borders of the pleural 
sinuses. Despite their position, they might be called “ pleural sinus 
veins” since they are located at the anterior phrenico-costal sinus, 
the left anterior costo-mediastinal sinus, and at the upper and lower 
ends of the posterior mediastinal sinus. Study of blood flow in the 
dilated veins failed to reveal any relation of rate or direction of flow 
with phases of the respiratory cycle. 

A congenital anomaly is not responsible since the incidence of 
occurrence increases with age and the veins do not follow the thoracic 
segments but the location of the pleural sinuses. Apart from 2 
patients with mediastinal tumor there was no congestion of the 
larger veins, so that a very localized disturbance would seem to be 
responsible. 

The last two or three intercostal veins do not have a double 
communication both to the azygos (or hemiazygos) and the internal 
mammary veins and they differ somewhat anatomically from the 
upper intercostal veins. This does not however adequately explain 
the appearance of the sinus veins since they are also found along the 
left anterior mediastinal sinus in an uninterrupted line. 

Since no pathologic lesion in the chest need be present and a 
congenital anomaly would appear to be eliminated and since the 
appearance of the veins is not dependent on diaphragmatic move- 
ments, and the incidence increases as older age groups are examined, 
another possible explanation deserves consideration. 

Any sudden physical exertion such as running up a flight of 
stairs, cough, pressure during defecation, even bending, causes 
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increased intrathoracic pressure, as in a Valsalva experiment. A 
marked increase of intrathoracic pressure prevents blood from flow- 
ing into the thoracic veins and causes a marked elevation of venous 
pressure. Values exceeding 500 mm. H.O have been obtained in a 
Valsalva experiment.'!| The transmission of this increase of pressure 
may be prevented in some areas by venous valves; but if the valves 
are incompetent or the veins in some areas lack them, increased 
pressure may cause congestion in the tributaries. The fact that 
these veins are more or less limited to the borders of the pleural 
sinuses and not located all over the chest may be due to a special 
arrangement of the veins and their communication with the superficial 
vessels at these locations, not as vet understood nor investigated. 

It seems rather probable that intrapulmonic pressure is especially 
high at the sites of the pleural sinuses during the Valsalva experi- 
ment. The available knowledge concerning intrathoracic pressures 
at different areas under normal and abnormal conditions is ver) 
meager. Some physiologists and clinicians deny a priori the possi- 
bility of an unequal distribution of intrathoracic-pleural pressure. 
While exact measurements are more important than theoretical con- 
siderations, at present varving opinions exist on the basis of such 
investigations. According to some students the pressure in the 
potential intrapleural space is the same at different areas,?:?-'5 while 
others have found definite, even marked differences?’ 5-!°:8 or assume 
that such differences may exist." The fact that bulle in ad- 
vanced emphysema usually occur at the apices, the anterior margin 
of the lung, and at the bases, that is, at the same sites at which the 
“pleural sinus veins”’ appear, may be the result of a special eleva- 
tion of pressure in these areas during cough, pressure and so on. 

A knowledge of the existence of these structures, their high inci- 
dence, and the exact location may have some importance since they 
readily indicate the site of the pleural sinuses; this may aid in the 
differential diagnosis of some intrathoracic diseases. 

Conclusions. [ctasia of small intracutaneous veins located in 
the neighborhood of the pleural sinuses is described. An examina- 
tion of 385 patients revealed that the appearance of these veins is 
not the result of pulmonary, pleural or cardiac disease. They are 
found in healthy people. Their incidence increases with age. An 
explanation of their developmental mechanism is offered. 
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LEUKOPENIA IN NEGRO WORKMEN. 
By W. H. Forses, 


R. E. JoHNson, 
AND 
CONSOLAZIO, 
BOSTON, MASS. 


(From the Fatigue Laboratory, Harvard University. 


DcrinG the summer of 1939 we were studying the physiology of 
Negro sharecroppers in Mississippi and in the course of examining 
their blood noticed that the majority of them had a leukopenia. 
Native Whites living under approximately the same conditions of 
work and diet had normal counts. One of us, upon whom counts 
were made both in Boston and Mississippi, remained within the usual 
range, and one of the leukopenic workmen brought to Boston has 
continued to have white counts as low as he had in Mississippi. The 
leukopenia is possibly a local racial characteristic and seems worthy 
of record. 

The climate in this region was hot and moist with the temperature 
during the middle of the day almost always over 90° F. and the 
humidity over 60°. The subjects were young and apparently 
healthy manual laborers working in the cotton fields. During most 
of the period from June 15 to August 19, when these counts were 
made, their work was irregular, for the crops were being “laid by.” 
Medical examinations were made and _ histories taken by Drs. 
Thompson and Gedgoud, the details of which they are presenting 
elsewhere? the part of their study which is relevant here may be 
summarized briefly as follows: None of the subjects was observed 
to have any active disease at the time of the examination; 75% of 
them had had malaria (“chills”) in childhood but not within 2 
vears; 50°) had had gonorrhea and 10% (7. e., 2 individuals) were 
finishing courses of treatment for syphilis acquired 1 or 2 years 
before. They had, for the most part, been treated for these latter 
diseases by competent physicians but they had not all returned 
for the full course of treatment. They had no hookworm. Only 
one showed clear-cut sickling; 2 others showed an occasional cres- 
cent-shaped cell after the slide had stood for 6 hours. With one 
exception (a man who showed slight symptoms of pellagra), there was 
no evidence that their diet was inadequate. It was difficult to get 
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an accurate picture of their eating habits, but it was clear that most 
of them had milk, eggs, meat, and a variety of vegetables and roots 
during a considerable part of the vear, though occasionally they 
might be reduced to corn, beans, potatoes, and salt pork. 

We were unable to find any clear relation in these subjects be- 
tween their leukopenia and the diseases which they had had, but the 
average white count for the few who said they had not had malaria 
was a little higher than for the many who had had it. 

The counts were made upon finger blood taken in the morning 
from fasting subjects who had been lying down for half an hour or 
more. Some of the counts, especially the low ones, were repeated 
that is, another finger was pricked if the first count was found to be 
unusually low. A few counts were made in the afternoon on some 
of the same subjects when they were neither fasting nor resting, and 
these averaged 6500, which is 3200 higher than the morning values. 

Table 1 gives the data for the red cells as well as for the white 
cells for the subjects who were most extensively studied, and also 
the average figures for all the Negroes, which includes 30 additional 
subjects, mostly boys from 8 to 16 years of age, on whom a single 
count was made. 

The red cells of both Negroes and Whites were normal, on the 
average, in mean corpuscular volume, mean corpuscular hemoglobin, 
and mean corpuscular hemoglobin concentration. A few of the 
Negroes had blood pictures suggestive of a mild normochromic 
macrocytic anemia, but these cases were not striking. The total 
red cell count was on the average a little lower than the usual nor- 
mal figure of the textbooks.® In general, it appeared as if their 
red cell level was about that of a normal White female, and their 
total hemoglobin correspondingly a little low. This may be a racial 
difference as it has been reported that Negro infants in Michigan 
have less hemoglobin than white infants.* 

The white cell counts were abnormally low. The 2 subjects 
in the adult Negro group marked with asterisks were ‘the only ones 
who appeared to have white blood, and it is striking that both of 
them had counts of over 7000, while all the others were below 6200 
and the majority were below 4000. Our values were much lower 
than those obtained by Bryan, Chastain, and Garrey' on a similar 
number of healthy Whites of about the same age and living in 
nearly the same region. Our own values upon Whites native to 
Mississippi were few but lie within the usual range (‘Table 1). 

There was no easy explanation to hand for this leukopenia in the 
Negroes. Their red counts and oxygen capacities were slightly 
lower than the average normal (Table 1), and this gave rise to the 
idea that perhaps there was a slight iron deficiency, though the nor- 
mal values for the hemoglobin per cell and the normal white counts 
on the White sharecroppers who ate nearly the same food, gave no 
support to this hypothesis. 
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PaBLE 1 MorpuHo.ocic CHARACTERISTICS OF BLOOD OF NEGRO AND WHITE SHARECROPPERS. 


4 Differential count. 
Vegroes 
B.C 617 48.2) 18.27) 13.6'4.79) 90) 28 | 31 | 4000 
619 40.8 4.80) 85 4200 60 23 7.5| 8.5/1 
A.P 6/20 41.2) 18.10) 13.5) 4.34| 95! 31 | 33 | 2800) 67 27 6 0 0) 
W.B 621 438.8 18.18. 13.5,4.40, 100 31 31 | 2250 55 37 5 2 1 
622 44.2'19.18') 14.3'4.92; 90; 29 32 | 3000 53 39 3 4 1 
C.A 623 42.0 18.16 13.5 4.69! 90 29 32. 3650 51 36.5 6 4 2°5 
J.J 6/24 42.2) 18.40) 87), 28 | 32 | 4500 54 26 ll §.5/|3.5 
\.B 626 43.5 18.76 14.0'4.96, SS 28 32 2950 58 29 9 3 1 
\ 6/27 40.1/ 18.02) 13.4/)4.25) 94) 32 | 33: | 2300) 37.5) 36.5 12 3 
W.A 628 44.9 4.27 105 3480) 3S 52 5 5 0 
629 39.7) 16.67) 3.20) 124) 39 | 31 2400) 34 62 2 1 1 
630 438.8 18.90 14.1 4.56 96 31 32° 3250 
7/3 $2.6'16.76 12.5 4.93) 87! 25 | 29 3600) 57 36 2 2 3 
7/1 550 19.55 14.6 4.56 99 32 33 7200 44.5 51 2.5) 1.5)0 
A.E 7/4 143.6 18.49 13.7'4.20! 104 33 31 |6100| 56.5 37.5 4 0 2 
7/5 | 46.4) 18.58) 13.8!5.17) 90) 27 | 30 | 3450) 22 5S 10 5 5 
M.M 7/16 45.0 19.47 14.5 5.36) 84 27 32 5100 49 43 S 0 0 
M.B 7/7 | 43.7) 18.32) 13.6|)4.58) 95) 30 | 31 | 3750) 56.5) 34 6.5| 3 0 
R.B 710 40.8 17.19)12.8 4.89 83) 26 31 | 4750) 52.5 39 1 6.5/1 
7/11 43.8, 18.87) 38 | 32 3800 44 51 4 1 0 
R.P 7/12 | 41.4) 17.74) 13.2)3.78!| 110) 35 | 32 | 3650) 41 49.5; 2.5| 4.5/1.5 
7/13 | 40.2) 17.20; 12.8) 4.14 97 31 32 5000 50.5 43 4 2 0.5 
C.W.* 7/14 | 41.2) 19.43 14.5|5.26) 78) 28 | 35 | 8050) 71 21 5.5 1.5) 1 
rage 42.7/18 31 13.6/)4.55! 95, 30 32 | 4050) 50 39.7) &.8| 3.8/1.3 
rage for all negro subjects studied 4.36 4830 50 38 6 5 1 
total of 51 
727 46.1 20.71 15.4°4.35 106 35 33 | 8300 78.5 16 8.5; 2 0 
7/29 43.1) 18.81) 14.0) 4.41) 32 | 32 | 8550/ 58.5/19.5) 5 16.5 0 
7/31 | 47.0) 20.62) 15.3;4.72; 99) 32 32 | 8990) 52.5) 35.5, 6.5) 4.5) 1 
S 1 40.8 18.55 13.8'4.35 94 32. 34 | 6450) 53 27 7.5) 11.5) 1 
8/2 42.7 19.61 14.6 4.55 94 32. 34 | 6150) 54 36 4 4.51 
82 45.6 20.43 15.2 4.61! 99) 33 |) 33 55 | 35 6 3.5 0.5 
5 S84 17.5 20.14/'15.0 4.50)105 33 |) 31 | 8850 70 23 7 0 0 
ige 44.8 19.83 14.8 4.50, 99 33. 33 | 7600 60 27.5) 6 6 0.5 


Method. To test this we selected 18 healthy Negroes whose white counts 

ranged from 2300 to 4200 and divided them into 3 groups, each of which 

ontained 2 subjects with slight, 2 with moderate, and 2 with marked 

eukopenia. The averages for the groups were 3440, 3290 and 3270. The 

first group was given no medication. The second got four 3-grain tablets 

i! ferrous sulphate (Feosol) per day, two in the morning and two in the 
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evening. The third got 1 oz. daily of ** Valentine’s Liver Extract with Lron’’* 
(5 grains added available iron per oz.), $ oz. in the morning and 3 oz. in the 
evening. This may be considered as equivalent to giving aqueous liver 
extract, | oz., and metallic iron, 5 grains, daily, which is approximately the 
same amount of metallic iron as is contained in the daily dose of ferrous 
sulphate. The iron was given for 16 days, the liver for 12. The last deter- 
minations on the group taking liver were made 3 days after taking the last 
dose, The conditions of the experiment made it impossible to be sure that 
all doses were taken, but the great majority were. White and red blood 
cell counts were made at intervals for 16 days after the iron and liver had 
been started. 

It was not feasible ordinarily to get all the subjects to come in on the 
same day, so the counts are arranged in 3 groups: those taken between the 
5th and 9th days inclusive, those taken between the 10th and 13th inclusive, 
and those taken on the 16th day after beginning the treatment. 


PaBLe 2.—EFrrects oF IRON AND OF LIVER AND IRON ON THE WHITE BLoop CELI 
Count OF NEGRO SHARECROPPERS 


Before > Oth day 10—-13th da 16th day 
start of ifter start of ifter start of ifter start of 
Subject. experiment. experiment experiment experiment 
Controls 
W.B. 2475 
53: 3100 1550 1000 
C.F. 3800 5000 3900 
M.B 41050 3900 200 
R.P. 3600 1400 4200 
J.S. 3600 
Average 3440 3900 1650 B3R25 
Av. change of those counted 150 +1150 +190 
change of those counted 1% + 330 + 5° 
Tron 
4200 7900 6900 
A.P. 3250 5000 5600 
C.A. 2950 5400 
AG. 2400 5600 5200 5800 
dA. 3250 $250 3200 3200 
M.B. 3750 1075 5900 5300 
(Average 3300 5370 1767 5360 
Av. change of those counted + 2070 + 1640 + 1990 
change of those counted + 63% + 53° + 


Liver and Tron 


B.C. 4000 3900 1200 3800 
A.B. 2900 5400 1300 
J.A. 2300 3500 3300 2700 
1. 3400 5500 5300 5500 
W.A. 3450 5500 5800 5100 
WS. 3550 5000 5700 6000 
Average 3290 1680 1950 1570 
Av. change of those counted + 1340 + 1660 + 1280 
% change of those counted + 39% + 50% + 39% 


The results are given in Table 2. This shows that before the 9th 
day there was an increase of 2080 on the average, or just over 60%, 


* Very kindly supplied by the Valentine Company, Inc., Richmond, Va 
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in the white count in the group that got iron. Those who got liver 
extract with iron increased’ 1360 (40°) in the same period. Seven 
to 11 days later the figures were substantially unchanged. 

Four things stand out in the table: the prompt and definite 
response in 10 out of 12 subjects; the rather low final values; the 
fact that | man in each group of 6 did not respond at all; and that 
liver and iron was apparently less effective than iron alone. With 
respect to the speed of the response, the data suggest that the re- 
sponse did not reach its maximum until after the 5th day. There 
was, however, no general rise after the 9th day. 


Taste NUMBERS OF WHITE CELLS PER CUBIC MILLIMETER IN 
IS NEGRO SHARECROPPERS. 


Neutrophils, Lymphoevtes, Monocytes. FEosinophils, Basophils, 
number number number number number 
mm. mm.? mm.? 


Before Experimental Period of Taking Iron or Liver and Iron. 


Highest 2520 1970 360 336 170 
Lowest 750 900 48 0 0 
Mean of 18 subjects 1546 1300 203 124 41 


After Experimental Period of 12 to 16 Days of Taking Iron or Liver and Iron. 


Highest 4620 2700 550 720 225 
Lowest 1350 675 152 106 0 
Mean of 12 subjects 2700 1810 298 251 35 


There are two general points of view which can be taken con- 
cerning the data. One is that these low blood counts are normal for 
the Negroes and that the effect of the iron (for it does not appear that 
the liver had much effect) was to: a, artificially stimulate the bone 
marrow to a general hyperactivity; or, b, perhaps irritate the intes- 
tine and so cause a leukocytosis. The other point of view is that 
leukopenia is abnormal for Negroes and that the iron (or conceivably 
a trace of something else in the preparations) made up for a de- 
ficiency in the diet. This latter view implies that iron is helpful 
in the production of leukocytes. There is some evidence for this in 
the literature on iron deficiency anemia, for in so-called “ idiopathic”’ 
hypochromic anemia, in which there is frequently an initial leuko- 
penia, the number of white cells increases after the administration 
of iron. On the other band, one of the Negroes brought to Boston 
upon whom counts have been made repeatedly still gives the same 
rather low values (4000+) in spite of the change of diet (with the 
incorporation of veast, raisins, tomato juice, and milk), of climate, 
and a considerable gain in weight. He had one of the higher counts 
in Mississippi and had been unaffected by the liver extract. 

On returning to Boston we tried giving ferrous sulphate to 2 
White subjects, 1 of whom habitually has low white counts. The 

ame procedure was followed as with the Negroes, but unlike the 
Negroes these subjects showed no change in the number of leuko- 
cytes. We also tried 1 subject with liver extract but produced no 
change in the count. 
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The differential counts show that the leukopenia is not confined 
to one type of cell, though in several individuals the neutrophils 
were diminished much more than the lymphocytes.2. The increases 
observed after taking iron or liver and iron were in all types, but in 
most subjects the neutrophils showed the greatest increase. The 
absolute number of neutrophils in most of the 18 subjects chosen for 
the study of the effects of iron and liver was very low (Table 3). 
The monocytes also were below normal, while the lymphocytes, 
eosinophils, and basophils were within the normal range, though the 
lymphocytes were at the lower border of vormal. After the iron all 
types except the basophils were increased, the eosinophils and 
neutrophils showing the greatest changes. The iron had no sig- 
nificant effect upon the red cell count. 

Summary. 1. Healthy Negro sharecroppers in Mississippi exam- 
ined in the summer of 1939 showed in a majority of instances a 
leukopenia and a slightly lower erythrocyte level and oxygen capac- 
ity than normal Whites. 

2. This leukopenia was principally a neutropenia, but involved the 
lymphocytes as well in some cases. 

3. Administration of iron caused a marked increase in the leuko- 
cyte count of 10 out of 12 selected sharecroppers, the increase being 
largely in the neutrophils. 

4. White sharecroppers in the same region eating about the same 
diet as Negroes showed no leukopenia. 
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MURAL THROMBI IN THE HEART AS A SOURCE OF EMBOLI. 


By Curtis F. Garvin, M.D., 
SENIOR INSTRUCTOR IN MEDICINE, WESTERN RESERVE UNIVERSITY SCHOOL OF 
MEDICINE; ASSISTANT VISITING PHYSICIAN, MEDICAL SERVICE, 
CLEVELAND CITY HOSPITAL, CLEVELAND, OHIO. 


(From the Department of Medicine of Cleveland City Hospital and the Western 
Reserve University School of Medicine 

THOUGH mural thrombi are a common source of emboli, exact 
figures pertaining to this relationship are difficult to obtain since it 
is often impossible to differentiate between embolic and thrombotic 
arterial occlusion. Thus MecKechnie and Allen* have written that 
“the terms ‘embolism’ and ‘thrombosis’ when applied to our 
material indicate the apparent diagnosis. No methods exist for 
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differentiating these two conditions with absolute certainty.” 
deTakats® states that “It has been my experience with . 
arterial thrombosis and arterial embolism, that the differential 
diagnosis between these two types of arterial occlusion is often 
clear cut, sometimes difficult and occasionally impossible.”’ He 
asserts, however, that “the differential diagnosis between arterial 
thrombosis and embolism has much more than academic interest.”’ 
Blumer! has stated that “it cannot be assumed that clinical phe- 
nomena resulting from arterial occlusion . . . . are all embolic in 
origin. Some of them are doubtless due ... . to thrombosis 

Owing to the difficulty of deciding, even on the autopsy 
table, whether a given lesion is thrombotic or embolic, exact figures 
as to the relative frequence of the two lesions are impossible to 
obtain.” 

Accordingly, in order to determine the relative importance of 
mural thrombi as a source of emboli, an indirect approach to the 
problem has been attempted. If mural thrombi are an important 
source of emboli, then patients having mural thrombi should have a 
significantly higher incidence of infarction of the various viscera 
than a control group. 

The clinical and pathologic records of 771 consecutive adult 
autopsied patients who died of heart disease were examined as to 
the occurrence of mural thrombi and infarction. These cases oc- 
curred in 6,285 consecutive postmortem examinations done at the 
Cleveland City Hospital from January, 1930, to June, 1939. 

One or more mural thrombi in the right side of the heart were 
found in 161 cases and of these, 93 (57.8%) showed one or more 
pulmonary infarcts. The remaining 610 cases which had no mural 
thrombi in the right side of the heart included 128 instances of 
pulmonary infarction, an incidence of 21%. This difference is 
highly significant* statistically. It indicates that in autopsied 
patients pulmonary infarction is almost 3 times as frequent as the 
presence of mural thrombi in the right side of the heart as in their 
absence. 

One or more mural thrombi were present in the left side of the 
heart in 193 cases, and of these, 94 (48.7%) showed one or more 
infarcts in the brain, kidneys, spleen, intestines and/or extremities. 
In contrast to this, 578 cases without mural thrombi in the left side 
of the heart included 135f instances of iwfarction involving one or 
more of the viscera just listed, an incidence of 23.49%. Again the 
difference is highly significant statistically and it can be concluded 
that in autopsied patients infarction of the brain, kidneys, spleen, 

* In this article, the term “‘significant’’ refers to a difference which could be 
roduced by chance in less than 5% of trials as demonstrated by application of the 

hi square test; “highly significant"’ refers to a difference so great that it could be 
rroduced by chance in less than 1% of trials, again as demonstrated by application 
f the chi square test. 


+ The figure is actually lower than the true value since the brain was examined 
n only 56% of the cases. 
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intestines and or extremities is over twice as common in the presence 
of mural thrombi in the left side of the heart as in their absence. 

The results in respect to the four types of heart disease which 
occurred frequently enough to permit statistical analysis are sum- 
marized in Tables 1 and 2. In hypertensive heart disease and in 
coronary artery disease with or without myocardial infarction the 
incidence of pulmonary infarction in the presence of mural thrombi 
in the right side of the heart was 3 to 4 times as great as in their 
absence (Table 1), a highly significant difference. In rheumatic 
heart disease, the incidence of pulmonary infarction was over twice 
as great in the cases with mural thrombi in the right side of the heart 
(Table 1), a significant difference. 


TABLE 1.— THE RELATIONSHIP OF THE PRESENCE OR ABSENCE OF MURAL THROMBI 
IN THE Richt Sipe OF THE HEART TO PULMONARY INFARCTION. 


Cases with mural thrombi Cases without mural thromb 
in right side of heart. in right side of heart 
ype of heart disease. No. with % with No. with % with 
No. pulmonary pulmonary No. pulmonary pulmonary 
cases infarcts infarcts cases infarcts infarcts 
Hypertensive heart disease (147 
cases) 34 22 64.7 113 23 20.4 
Coronary artery disease without 
myocardial infarction* a4 
cases) 19 14 73.7 75 15 20.0 
Coronary artery disease with 
myocardial infarction* 133 
cases) 42 27 64.3 19.8 
Rheumatic heart disease (116 
cases) 23 13 56.5 03 5 6.9 


* Whether there was associated hypertensive heart disease or not made no appreciable differ 
ence 


TABLE 2.—THE RELATIONSHIP OF THE PRESENCE OR ABSENCE OF MURAL THROMBI 
IN THE LEFT SiIpE OF THE HEART TO INFARCTION IN THE BRAIN, 
KIDNEYS, SPLEEN, INTESTINES AND OR EXTREMITIES. 


Cases with mural thrombi Cases without mural throm! 
in left side of heart in left side of heart 
Per cent Per cent 
No. with with in- No. with with in- 
No infarets in farcts in No infarets in farets in 
[ype of heart disease. cases brain, ete brain, etc. cases brain, et« brain, ete 
Hypertensive heart disease (147 
cases) 31 13 41.9 116 20 17.2 
Coronary artery disease without 
myocardial infarction* 94 
cases) ‘ 29 16 25.2 69 21 
Coronary artery disease with 
myocardial infarction* (133 
cases) 4] 50.6 52 15 28.8 
Rheumatic heart disease 116 
cases) 22 11 50.0 04 22 23.4 


* Whether there was associated hypertensive heart disease or not made no appreciable differ 
ence, e 


Infarcts in the brain, kidneys, spleen, intestines and/or extremi- 
ties occurred 2.4 times more often in hypertensive heart disease 
when mural thrombi were present in the left side of the heart a: 
when they were absent (Table 2), a highly significant difference 
In coronary artery disease with myocardial infarction and in rheu 
matic heart disease, infarcts involving the brain, kidneys, spleen 
intestines and/or extremities were about twice as frequent whe! 
mural thrombi existed in the left side of the heart (Table 2), a sig 
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nificant difference. In coronary artery disease without myocardial 
infarction, infarcts in the brain, kidneys, spleen, intestines and/or 
extremities were 1.7 times as frequent when mural thrombi were 
present in the left side of the heart as in their absence (‘Table 2), 
but this difference was not statistically significant. This may be 
due to the fact that the total number of cases in this group was not 
large and or due to the fact that these cases had considerable periph- 
eral vascular disease with its attendant possibility of infarction by 
thrombosis in situ. 

Summary. In 771 consecutive adult autopsied patients who died 
of heart disease, pulmonary infarction was almost 3 times as fre- 
quent in those cases with mural thrombi in the right side of the heart 
as in those cases without. Infarcts of the brain, kidneys, spleen, 
intestines and or extremities were more than twice as common in 
cases with mural thrombi in the left side of the heart as in their 
absence. A similar relationship was found to exist in regard to 
hypertensive heart disease, coronary artery disease with or without 
myocardial infarction, and rheumatic heart disease, with one excep- 
tion. In coronary artery disease without myocardial infarction, 
infarcts in the brain, kidneys, spleen, intestines and or extremities 
were 1.7 as frequent when mural thrombi were present in the left 
side of the heart as in their absence but the difference was not 
statistically significant. This exception may be due to the small 
size of the series and or to the fact that these cases showed consid- 
erable peripheral vascular disease which no doubt increased the 
incidence of infarction due to thrombosis in situ. These observa- 
tions indicate that mural thrombi in the heart are a significant 
cause of embolic occlusion of arteries in both the lesser and greater 
circulations. 
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APOPLEXY APPARENTLY PRECIPITATED BY LOW BLOOD 
PRESSURE. 


By Artruur Ecker, M.D., 
INSTRUCTOR IN CLINICAL SURGERY, 
AND 
Moses Derren, M.D., 


INSTRUCTOR IN MEDICINE, 
SYRACUSE, N. Y. 


om the Syracuse University College of Medicine, Department of Surgery and 
Medicine.) 

THERE have been reported‘ transient episodes of hemiplegia and 

hasia in elderly arteriosclerotic patients, attributed to acute 

potension, but it is rarely possible to prove the relationship be- 
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cause there is not likely to be a record of the blood pressure just 
prior to such a crisis. For example, Behrend and Riggs'* reported 
a series of cerebral complications following surgical operations in 
each case of which the brain showed widespread degenerative 
changes attributed to the effects of acute anoxia. They consider 
the anoxia was produced, at least in part, by an alteration in blood 
pressure occurring as a result of the effect of surgical operation and 
of the anesthetic on a patient with impaired cardiocirculatorys 
efficiency, but they did not publish data concerning blood pressure 
before the actual onset of the ictus. An exceptional report is that 
of Wolf and Siris who published a report of 4 cases of operation 
upon the nervous system complicated by the development of multi- 
ple cortical hemorrhagic necroses. In each case the blood pressure 
was being carefully recorded, and acute hypotension seemed to 
have been the precipitating factor. Although they stated that 
there was no occlusion of the vessels supplying or draining the 
involved areas of brain, they did record in one instance the thrombosis 
of a small cortical vein, which seemed to be secondary to the cortical 
degeneration. 

We present here 3 fatal cases in which the blood pressure was 
being recorded hourly following operation, and in which cerebral 
vascular accidents occurred at a low point of a gradual drop in 
blood pressure. Such tragic postoperative complications are less 
common than transitory or non-fatal apoplectic insults, but the 
mechanism involved may be similar. Furthermore, the study of 
these cases may shed light on the pathogenesis of the common 
cerebral vascular accidents, unassociated with operation, the onset 
of which is usually not associated with great exertion or even mental 
excitement.’ 


Case Reports. Case 1.--A 61-year-old white male, whose blood pressure 
was 135/75, had an abdominal exploration and biopsy from the liver for 
inoperable carcinoma of the stomach. The patient’s postoperative course 
was good for the first 24 hours. His blood pressure stayed at 120 65 and 
he moved all his extremities. On the day following the operation the blood 
pressure gradually dropped to 85/50 and at one time was 76/30, at which 
time left hemiplegia set in. The patient was given intravenous infusions 
and the blood pressure promptly rose. However, there was deepening 
stupor until death 3 days postoperatively. 

Autopsy revealed evidence of recent operation and the carcinoma of the 
stomach. There was also bronchopneumonia and infarction of the left 
lower lobe of the lung and of the right kidney. There was moderate arterio- 
sclerosis of the aorta and coronary arteries. The basilar artery was mark- 
edly sclerosed but the other arteries associated with the circle of Willis 
were only slightly sclerosed. There was beginning infarction of the right 
frontoparietotemporal region of the right cerebral hemisphere. The infarc- 
tion included primarily the cortex and penetrated the white matter for 
only about lem. In many areas of the softened cortex there were pinpoint 
hemorrhages. Although there was no thrombus in the right middle cerebral 
artery itself, one of its superficial branches and several other pial vessels 
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lying over the infarcted area contained whitish spiral thrombi. The area 
of cerebral softening was much greater than seemed to be accounted for by 
the thrombosis of these small vessels, which may have been secondary. 
Microscopic study of the brain revealed senile plaques and multiple early 
infarcts. The white thrombi in the pial vessels consisted of a meshwork of 
fibrin and masses of platelets in which erythrocytes were caught. 

Case 2. The patient was an 88-year-old white male, who underwent a 
transurethral prostatic resection (2 gm. of tissue removed) for contracted 
bladder neck, under spinal anesthesia. The biopsy revealed adenofibroma- 
tous hyperplasia. 

Following the operation the patient was nervous and tense but fell into 
a natural sleep. Twenty-eight hours after the operation, in response to 
questions, he would only turn his head. This unresponsiveness corre- 
sponded with a gradual fall in blood pressure to 95/55. At this time exam- 
ination revealed a slight stiffness of the neck, marked drowsiness and the 
presence of Babinski’s sign on the right side. Three days later the patient 
was clearly suffering from a right hemiplegia and had an intermittent fever 
with evidence of urinary infection. He died 12 days after his operation. 

Autopsy revealed multiple pulmonary emboli arising from the right iliac 
vein, bronchopneumonia, multiple infarcts of the kidneys, and infarction of 
the left frontoparietal and both occipital portions of the cerebrum. 

Examination of the brain revealed moderate atrophy of the convolutions, 
minimal sclerosis of the cerebral vessels and no evidence of thrombosis of 
the vessels at the base of the brain. There was a soft red area, 4 by 6 em., 
on the surface of the right basofrontal region, which extended back into the 
Sylvian fissure to the island of Reil. There was a similar area, 4 by 5 em., 
on the left occipital lobe and another, 2 by 3 em., over the right occipital 
pole. Coronal sections of the brain showed the cortex in these three regions 
to be hemorrhagic with yellowish spots indicative of infarction. There was 
very little involvement of the white matter of the brain. Microscopic stud- 
ies of the defective areas of the brain revealed multiple infarcts both old 
and recent. Some of the recent infarcts had small hemorrhagic areas. 
One small vessel in the right occipital region was thrombosed. 

Case 3. —This patient was a 77-vear-old white male whose blood pressure 
had been 146/78 two years ago and at present admittance was 164/82. 
Under spinal anesthesia a transurethral prostatic resection was performed 
for benign prostatic enlargement. At the end of the operation the patient 
knew his name but was disoriented for place, time and his own age. At this 
time his blood pressure was 158/95, but in the next 4 hours it proceeded to 
drop gradually to 80/40, at which time there was stertorous breathing. The 
patient Was given intravenous gum acacia, saline solution and blood trans- 
fusion with a subsequent rise in blood pressure to 130/70. That night 
there was weakness of the right side of the face and the next morning there 
was a right hemiplegia, complete except for the toes. There was increased 
knee jerk and positive Babinski sign on the right. The blood pressure and 
temperature gradually rose and the patient died 5 days after operation. 

Autopsy revealed marked arteriosclerosis of the aorta and moderate 
sclerosis of the coronary arteries. There was marked cerebral edema with 
flattening of the convolutions and notching of the uncinate gyri by the 
tentorium. The vessels of the circle of Willis were moderately sclerosed 
but not occluded. There were multiple infarcts 1 to 2 cm. in diameter, 
involving primarily the cortex of the occipitoparietal region of the left 
cerebral hemisphere. Some of these regions were hemorrhagic. There were 
‘ther infarcts scattered through the right lateral lobe of the cerebellun and 
one small one in the left dentate nucleus. Microscopic studies of the 
affected areas reveal white thrombi in the pial vessels overlying infarcts 
beth in the cerebrum and the cerebellum. 
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Discussion. It is stated that low systemic blood pressure with 
subsequent stasis and anoxemia causes not only cerebral degenera- 
tion but also damage to the vessel walls.* From the evidence 
furnished by our cases, it is impossible to tell whether the cerebral 
necrosis and the thrombi in the overlying pial vessels are causally 
related to each other. Since the occluded vessels were so small 
and few in relation to the widespread extent of the cortical necrosis, 
it might be thought that the thromboses were secondary. Such 
problems are very complicated and must include consideration of 
the degree of arteriosclerosis, the degree and duration of arterial 
hypotension, the length of time from the stroke to the death of the 
patient and the care with which thrombi are sought microscopically.’ 
Behrend and Riggs” have emphasized that a multitude of conditions 
may be predisposing factors in the production of lesions due to 
cerebral anoxia. They have mentioned particularly organic heart 
disease, anemia, anatomic factors, age, metabolic disorders, surgical 
emergencies, anesthesia and nutritional deficiencies. It is not un- 
likely that the degenerative changes reported by Behrend and 
Riggs'¢ and others, the hemorrhagic necroses without thrombosis 
reported by Wolf and Siris," and the hemorrhagic necroses with 
white thrombosis of pial vessels of the present series are all sequels 
of cerebral anoxia. Whether the more common cases of “ cerebro- 
vascular accidents” in the aged are to be explained on this basis 
remains to be learned. At least, one should be wary of accepting 
a red friable clot in a large offshoot of the circle of Willis as the 
“obvious” cause of an infarct in the region normally supplied by 
the vessel. It is possible that such a clot is secondary to a sequence 
of events including stasis, degenerative changes in the cortex and 
thrombosis of small blood vessels. 

Our cases are of significance primarily because they demonstrate 
the clinical onset of so-called apoplectic strokes in elderly men, 
coincident with a drop in blood pressure. It may prove to be worth 
while in such cases with progressive drop in blood pressure to treat 
not only the threatened state of shock by temporarily lowering the 
head and other usual methods but also the possible beginning throm- 
bosis by administration of anticoagulants such as heparin. In addi- 
tion, Cobb has recommended the use of cerebral vasodilator drugs, 
the best being carbon dioxide. 

Summary. In each of the 3 cases reported there was a slow post- 
operative drop in systemic arterial blood pressure in an elderly 
arteriosclerotic male. When the pressure reached a low level, there 
occurred an “apoplectic stroke’? marked by unconsciousness and 
progressive hemiplegia. Death ensued 1, 10 and 5 days, respec- 
tively, after the stroke. Necropsy revealed widespread areas of 
partly hemorrhagic necrosis in the cerebral cortex with little involve- 
ment of the subjacent white matter. There were thrombi in neither 
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the main arterial nor venous trunks, but some of the pial vessels 
lying over the center of the necrotic areas of the cortex were occluded 
with thrombi consisting largely of fibrin and masses of platelets. 
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SHock. BLoop Srupies as A GuipE TO THERAPY. By JOHN ScuppDER, 
M.D., Med. Se.D., F.A.C.S. From the Surgical Pathology Laboratory 
of the College of Physicians and Surgeons, Columbia University, and the 
Department of Surgery, the Presbyterian Hospital, New York City. 
Pp. 315; 58 illustrations, 5 plates (3 in color). Philadelphia: J. B. 
Lippincott Company, 1940. Price, $5.50. 

THE author of this book spends a great deal of time and energy saying 
just how bad potassium really is only to conclude: ‘To state that shock is 
due to potassium poisoning alone is fallacious. That alterations in potas- 
sium in both the blood and body fluids serve as a measure of profound cellu- 
lar changes is probably more correct.’’ With this conclusion most of the 
workers in this field would agree, but as a sports writer would put it —‘‘It 
seems a long run for a short slide.”’ 

Ihe emphasis on hemoconcentration in shock is good, as is the wealth 
of historical material made available through the bibliography. The book 
is attractively printed. 


ESSENTIALS OF THE DriaGNostic EXAMINATION. By JoHun B. YouMANs, 
B.A., M.S., M.D., Associate Professor of Medicine and Director of Post- 
graduate Instruction, Vanderbilt University Medical School. Pp. 417; 
36 illustrations (6 in color). New York: The Commonwealth Fund, 
1940. Price, $3.00. 

Tuts pocket-sized handbook is intended to serve the practitioner of 
internal medicine as a guide in the essentials of sound diagnostic procedure. 
Chapter one, numbering only 14 pages, gives the barest essentials on the 
subject of history taking. Yet brief as it is, it offers excellent advice on 
routine, manner and method that will safeguard the physician against gross 
errors of omission. Much more detailed (142 pages) is the excellent chapter 
on the physical examination, giving an adequate and orderly review of the 
eliciting and interpretation of a wide range of physical signs. The out- 
standing feature of the book is its discussion of laboratory procedures, espe- 
cially those which can be performed in the physician's own office. Details 
of technique are described, necessary apparatus and reagents are enumer- 
ated, and the plan and equipment of an office laboratory are discussed. 
Throughout the book the Author shows a keen insight into the needs of the 
doctor and the essentials of sound general practice. The book is highly 
recommended to all practitioners: to the beginner as a valuable guide in 
establishing good clinical habits; to the older man as a most practical bit of 
post-graduate instruction. R. K. 


Tue INJuRED Back AND Its TREATMENT. Edited by Jonn D. M.D., 
with 7 Contributing Authors. Pp. 377; 17 illustrations. Springfield, 
[ll.: Charles C Thomas, 1940. Price, $5.50. 

WRITTEN by outstanding authorities, this monograph is one of value. 
The subject is covered from the clinical orthopedic and neurosurgical 
angles. Details of routine examination and of treatment are given adequate 
coverage. The illustrations, tables and bibliography add much to the worth 
of this excellent treatise. G. W. 
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PHARMACOLOGY and THERAPEUTICS. By ArTHUR R. CusHny, M.A., M.D., 
LL.D., F.R.S., Late Professor of Materia Medica and Pharmacology, 
University of Edinburgh. Pp. 852; 66 illustrations. Twelfth Edition, 
thoroughly revised by C. W. Epmunps, A.B., M.D., Professor of Materia 
Medica and Therapeutics, University of Michigan, and J. A. Gunn, 
M.A., M.D., D.Sc., F.R.C.P., Professor of Pharmacology and Director 
of the Nuffield Institute for Medical Research, University of Oxford, 
Oxford, England. Philadeiphia: Lea & Febiger, 1940. Price, $6.50. 
Tue twelfth edition brings this standard text on pharmacology up to date 

so far as major advances in the last 4 years are concerned. Liberal addi- 
tions have been made throughout the book, resulting in a total increase 
of about 50 pages. New chapters dealing with the sulfonamide group of 
drugs, benzedrine, and sex hormones have been included and the pages on 
vitamins have been practically rewritten. Unfortunately, deletions have 
not always kept pace with additions of new material, and some of the newer 
drugs of established value have been omitted. It is also to be regretted 
that the practical aspects of pharmacology have not received the increasing 
attention they merit, so that this book is becoming less useful to the practis- 
ing physician. Despite these objections, Cushny’s Pharmacology continues 
as one of our best texts on the subject available at present. 


J.C. 


CONVALESCENT Care. Proceedings of the Conference held under the 
Auspices of the Committee on Public Health Relations of the New York 
Academy of Medicine, November 9 and 10, 1939. Pp. 261. New York: 
The New York Academy of Medicine, 1940. 

TuHese proceedings comprise data, opinions and advice on the subject 
of convalescent care that were contributed by 78 eminent physicians, hos- 
pital administrators and social and welfare workers who participated in the 
Conference. At the three sessions of the Medical Round Table there were 
discussed basic considerations of convalescent care (the physiology and 
psychology of convalescence, nutrition and convalescence, convalescence 
and chronic illness); convalescent care for various types of patients; psycho- 
somatic aspects. The session of the Socio-economic Round Table con- 
sidered problems of case finding, planning for the convalescent patient, care 
in the home, New York’s convalescent day camp, difficulties in placement 
of certain types of patients in convalescent homes, and financing of con- 
valescent care. At the concluding General Meeting summaries of the 
round table discussions were presented. Outstanding impressions which 
the book gives are: the many gaps in our scientific knowledge and the 
consequent need for study in the physiology and treatment of convalescence; 
the pathetically inadequate facilities in every phase of convalescent care; 
the great need for better integration of facilities for convalescent care with 
one another and with hospitals and the medical profession. The contents 
of this volume will prove to be not only interesting and informative to all 
its readers, but a challenge to those with any part in the function of a 
hospital. 
BriocHEMISTRY OF Disease. By Meyer Bopansky, Ph.D., M.D., Director 

of the John Sealy Memorial Laboratory and Professor of Pathological 

Chemistry, University of Texas School of Medicine, and Oscar Bopan- 

sky, Ph.D., M.D., Lecturer in Biochemistry, Graduate Division, Brook- 

lyn College, ete. Pp. 684; 72 illustrations. New York: The Macmillan 

Company, 1940. Price, $8.00. 

Biochemistry has become an indispensable part of the science and 
practice of medicine. But all too often the practitioner, long removed from 
laboratory and classroom, finds it difficult to understand the biochemical 
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aspects of disease. The present work is a systematic presentation of bio- 
chemistry as applied to disease. The book is well arranged, the chemical 
aspects of various organs and systems of tissue are discussed separately ; 
emphasis is placed on facts of clinical significance. The work may be 
recommended as a well balanced, thoroughly modern presentation which 
will repay study and use. B. L. 


CLINICAL PRacTICE IN INFECTIOUS DisEases. For Students, Practitioners 
and Medical Officers. By E. H. R. Harries, M.D., Lond., M.R.C.P., 
D.P.H., Medical Superintendent, North-Eastern Hospital (London 
County Council), etc., and M. Mirman, M.D., Lond., M.R.C.P., D.P.H., 
D.M.R.E., Medical Superintendent, River Hospitals, ete. With a Fore- 
word by W. ALLEN Datey, M.D., Lond., F.R.C.P., D.P.H., Medical 
Officer of Health, London County Council. 

THE text is a brief, often tabular, compilation of the essential facts of the 
familiar infectious diseases. Etiology, epidemiology, immunology, symp- 
toms, differential diagnosis, therapy, and so on are the topics covered. 
The most recent advances in the production of active and passive immunity 
and in serotherapy are included. The opening chapters are devoted to 
general phases of infection and resistance, allergy in infection, transmission, 
the last chapter to control of contagious diseases in institutions. The work 
is adequately comprehensive, omits most debatable subjects, and is well 
designed for students and practitioners. W.B 


A TexTBook oF HisroLtocy. By Harvey Ernest Jorpan, A.M., Ph.D., 
Professor of Anatomy and Director of the Anatomical Laboratories, 
University of Virginia. Pp. 690; 609 illustrations. Eighth Edition. 
New York: D. Appleton-Century Company, 1940. Price, $7.00. 

THE general plan of this edition remains unchanged. The number of 
illustrations is the same as in the preceding edition but there are about 50 
pages less of text. The latter is due chiefly to the elimination of the chapters 
on histologic technique and the directions for laboratory work. This omission 
is an indication of the trend of the times in medical education and was de- 
cided on because of the shorter time devoted to histology in the medical 
curriculum and partly because work in technic is frequently a part of college 
activities in biology. The new figures are more illustrative than the old 
ones which they replace, and the book as a whole gives a well balanced and 
up-to-date account of human histology. W. A. 


PuystoLoGy oF Micrurition. Experimental and Clinical Studies With 
Suggestions as to Diagnosis and Treatment. By OrtHELLO R. LANc- 
WORTHY, LAWRENCE C. Kop and Lioyp G. Lewts, Sub-Department of 
Neurology and James Buchanan Brady Urological Institute, The Johns 
Hopkins University. Pp. 232; 49 illustrations. Baltimore: The Wil- 
liams & Wilkins Company, 1940. Price, $3.50. 

In this excellent monograph the authors have reviewed the experimental 
work of the past several decades concerning the physiology of urination. 
There is a complete discussion of the anatomy, physiology and nerve sup- 
ply of the bladder. Of great value to the clinician and physiologist are 
the many case reports with important cystometrographic studies. Neuro- 
genic disturbances of urination are described in detail. 

This monograph is invaluable not only in thoroughly analyzing bladder 
dysfunction but in correlating this dysfunction as an aid to study and 
diagnosis of disease of the C.N.S. B. H. 
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AppLiep PHarmacoLocy. By HuGu Auistrer McGuican, Px.D., M.D., 
F.A.C.P., Professor of Pharmacology and Therapeutics, University of 
Illinois College of Medicine, Chicago. Pp. 914; 35 illustrations. St. 
Louis: The C. V. Mosby Company, 1940. Price, $9.00. 

Tuts book might well have become a very important contribution to 
pharmacologic literature for it appears to have been conceived with the 
idea of furnishing a physiologic background for the action of drugs. Un- 
fortunately, as written, it represents neither adequate physiology, adequate 
pharmacology nor adequate therapeutics. The very commendable idea of 
providing a physiologic basis for the subject has resulted often in stress of 
unimportant factors and the inclusion of completely irrelevant material. 
For example, 12 pages on the “Pharmacology of Respiration” (gaseous 
exchange in lungs, cellular respiration, cytochrome, glutathione, oxygen 
debt, oxygen dissociation curves, metabolic energy, and respiratory quo- 
tient) leads up to a scant 10 lines on “Oxygen as a Therapeutic Agent.” 
It quickly becomes evident to the reader that the physiologic aspects are 
too often merely included and not correlated. 

The treatment of the pharmacologic material is marred by omissions, 
errors and contradictions with which the book is replete. For example, 
while literature as late as 1940 is quoted (sulfathiazole), new drugs such as 
dihydrotachysterol, corticosterone, choline derivatives, cobra venom, stil- 
besterol, mercurin have not been included; and new drug forms such as 
adrenalin in oil, adrenalin for inhalation, mercurial suppositories have not 
been mentioned, The section on blood transfusions omits such blood sub- 
stitutes as plasma, lyophilized serum, placental or cadaver blood. 

Insofar as the “apphed pharmacology” sections are concerned, clinicians 
will probably not be satisfied with 1} pages on sulfanilamide, 5 lines on the 
treatment of hypertension and a lack of definiteness in numerous sections, 
such as the following: five therapeutic uses of diaphoretics are listed fol- 
lowed by this comment, “In some of these conditions diaphoreties are 
advisable and in others their use is of doubtful value.” 

The order of the subject material is often inexplicable: agranulocytosis 
is considered under ‘blood volume,” blood transfusion under “ coagu- 
lants.”’ A chapter on amines separates hypnotics and sedatives from the 
opium series and the sympathomimetic amines are discussed 41 pages later. 
The chapter entitled “The Chemotherapy of Syphilis”’ begins with mercury, 
arsenic, and iodides, followed by selenium, tellurium, antimony and silver 
before bismuth is mentioned; this chapter then ends with 18 other metals 
(including iron and lead) none of which has ever been used in syphilotherapy. 


J. 


Mepicat Work OF THE KNIGHTS HOsPITALLERS OF SAINT JOHN OF JERUSA- 
LEM. By EpGar Erskine Hume, Lieutenant-Colonel, Medical Corps, 
U.S. Army; Knight of Honor and Devotion of the Sovereign Military 
Order of Malta. Foreword by His Most Eminent Highness Fra Lupo- 
vico Cuict-ABANt, Prince Grand Master of the Sovereign Military, 
Order of Malta. Preface by Lieutenant-General Sir ALDo CAsTELLANI, 
K.C.M.G., Count of Chisimaio, Magistral Knight of the Sovereign 
Military Order of Malta; Professor of the Universities of Rome, London 
and Louisiana. Pp. 371; 130 illustrations. Baltimore: The Johns 
Hopkins Press, 1940. 

Tue history of the Knights of Malta, as the Order is commonly called, 
is indeed fascinating and no one could better discuss its medical aspects 
than Colonel Hume, himself a member of the Order. As the book 1s, in 
fact, a history of the first military surgeons, published while the world 
writhes in the grip of another great war, it assumes further significance. 

The story begins with the foundation of the Order at Jerusalem in the 
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eleventh century and follows the Knights down through the centuries to 
the present. The book is concerned mainly with the medical activity of 
the Order, which was indeed its foremost interest, and the reader is provided 
with a wealth of documented material pertaining to the practice of medicine 
and surgery, hospital construction, and nursing. For purposes of com- 
pleteness, however, the author includes much of the economic and political 
development of the Order which is equally interesting and important, for 
during the last millenium the Knights have played a réle in almost every 
great drama of the Western World. 

Today, even as bombs rain on their former home, the Knights are engaged 
in medical work the world over and Colonel Hume has given this work well 
deserved recognition. A foreword by the present Grand Master of the 
Order and the liberal use of photographs and documents add further to the 
highly interesting monograph, 


FELDCHIRURGIE: Leitfaden fiir den Sanititsoffizier der Wehrmacht. 
Written by 11 German Medical Officers and edited by Dr. H. KArer, 
Generaloberstabsarzt. Pp. 354; 58 illustrations. Dresden: Theodor 
Steinkopff, 1940. Price, Rm. 9. 

Tue title, ‘Field Surgery,” applies to the surgery of the front, that in 
general ends at the entrance of the field hospital from which the wounded 
are sent to the rear. The purpose of the book is to supply the needs of the 
young medical officer of the fighting unit, who is so often thrown on his own 
resources, and to the young medical officer in advanced dressing stations. 
The subject matter offers ‘not theories or controversial opinions, but 
accepted measures and methods of war surgery, proved in the world war 
and further tried in the present conflict.”” (The book was published in 
March 1940.) Part I (General Section) includes chapters on the organiza- 
tion of the medico-military service and fundamentals of medical tactics; 
war weapons and their effects; transportation and transportability of 
wounded; Roentgen ray service in the field; general surgical technique at 
the front; appraisement of war wounds and first aid; infection and war 
wounds; collapse and shock; relief of pain at the front; hemorrhage, hemo- 
stasis and blood replacement. Part 2 (Special Section) deals with specific 
types of wounds, under the headings of wounds of the skull; the face, the 
jaw and mouth; the neck; the chest; the abdomen; the urogenital tract; 
the back, spine and cord; the extremities. The material has, in the main, 
been well handled, in a concise but adequate fashion. (There is no mention 
of plasma transfusions.) The book itself is neat, compact, of pocket size. 
It is freely recommended to military surgeons who read German. Those 
entrusted with the preparation of our own service manuals will find here 
much that is useful. R. K. 


Tue CHINESE Way In Mepicine. By Epwarp H. Hume. Pp. 189; illus- 
trated. Baltimore: The Johns Hopkins Press, 1940. Price, $2.25. 
Tuis book is a brief but interesting summary of Chinese medicine. 

Although some factual material is included, the monograph is intended not 

as a complete history but rather as a general inquiry into the background, 

development and contributions of Chinese medicine. 

The study is divided into three parts. In the first, a discussion of the 
influence of the early philosophers on Chinese medicine, in the development 
of scientific thought is seen to have been hampered by their rigid adherence 
to tradition. The second part takes up the lives of certain great Chinese 
physicians, both in legend and in written history, and is enlivened by the 
inclusion of a number of folk stories concerning their activities. The 
remainder of the book deals with the contributions made by the Chinese 
to general medical knowledge. 
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The author has presented a most readable and lucid picture of the Chinese 
mentality and thereby clears up many of the apparent paradoxes of their 
slow scientific development. F. M, 


MuvripLe Human Birtus. Twins, Triplets, Quadruplets and Quintuplets, 
By Horatio Hackett Newman, Pu.D., Sc.D., Professor of Zodlogy. 
University of Chicago. Pp. 214; illustrated. New York: Doubleday, 
Doran & Co., Inc., 1940. Price, $2.50. 

For the United States the ratio of twins to single births is 1 to 86, or 
1.15°,, of which about one-fourth are l-egg twins and three-fourths 2-egg 
twins. The occurrence of triplets, quadruplets and quintuplets is much less 
frequent and may be expressed roughly “if one twin birth occurs for each 
86 single birth, then one triplet birth occurs for each 86 twin birth, and one 
quadruplet birth occurs for each 86 triplet birth: in other words, if the 
ratio of twins to single births is 1 to 86, that of triplets to single births is 
| to 86° and that of quadruplets to single births 1 to 86°. Of quintuplets, 
there are records of at least 60 cases, but of sextuplets only 6 are mentioned 
in medical literature. 

The methods of twinning are discussed. Bi-ovular twins are independent 
of one another and no more closely resemble one another than siblings. 
They result from the accidental liberation of 2 eggs that may be separately 
fertilized, even by different fathers, and have nothing in common except 
simultaneous gestation. The uni-ovular or l-egg twins result from the 
separation of the two halves of 1 egg after its first devision. If the separa- 
tion is incomplete, double monsters or “Siamese Twins’ may result. 
Triplets may result from a second division of one half, and quadruplets 
from a second division of both halves, as is habitual in the armadillo. 
Sextuplets result from second division of both halves and a third division 
of one. If any one of the resulting embryos die, as was the case of the 
‘Dionne quints,”’ a fleshy body may be expelled, and the five remaining 
embryos remain and develop. Twins are more precisely alike; 2 of triplets, 
of the same sex, must be much alike, the third may be very different and 
of a different sex. Quadruplets from 1 egg must be much alike and of the 
same sex, as also are most quintuplets and sextuplets derived from 1 egg. 

Twins are disadvantageous to the race for various reasons given. They 
seem to be slightly less intelligent than other people as more of them fail to 
qualify for admission to school than siblings. 

The psychologic studies made by the author and his associates are 
interesting. J. McF. 
Tue THeory AND Practice OF ANAESTHESIA. By M. D. Nosworrtny, 

M.A., M.D., B.Cu. (Cantas.), Anesthetist to Westminster Hospital and 

Grosvenor Hospital for Women, late Senior Resident Anesthetist, St. 

Thomas’s Hospital; with a Foreword by I. W. Maaiti, M.B., B.Cu. 

(Be.rast), Senior Anesthetist to Westminster Hospital, Anesthetist to 

Brompton Hospital for Consumption and Diseases of the chest. Pp. 223; 

35 illustrations. New York: Chemical Publishing Company, 1940. 

Price, $4.25. 

Tuts little 200-page book is a real contribution to anesthesia, but particu- 
larly to anesthesia in the United States. American works have tended to 
stress the physiologic and pharmacologic aspects of anesthesiology, whereas 
this book emphasizes the technical problems of the subject, an approach 
characteristic of the English school. Practical aspects of the administration 
of anesthetic agents are stressed throughout, with full attention to all 
methods from open drop to endotracheal techniques. Regional anesthesia 
is not covered, with the exception of one chapter on spinal anesthesia. 

Of interest to American readers is the full discussion of chloroform, for 
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there can be no doubt but that this agent has a place in the anesthetist’s 
armamentarium. 

Since its first appearance in 1935, the book has been reprinted twice with 
but few changes, and one can criticize some of the physiologic principles 
evoked. An ideal combination in a book on anesthesia would be the fusion 
of the American trend towards physiology with the English insistence upon 
technical skill. R. D. 


Synopsis OF MatTerta Mepica, ToxicoLoGy PHARMACOLOGY. For 
Students and Practitioners of Medicine. By Forrest Ramon Davison, 
B.A., M.Sc., Pu.D., M.B., Assistant Professor of Pharmacology in the 
School of Medicine, University of Arkansas, Little Rock, Ark. Pp. 633; 
45 illustrations (4 in color). St. Louis: The C. V. Mosby Company, 
1940. 

Tuts book is a pharmacologic text that can be recommended to the 
practising physician. It is accurate, up-to-date, and concise. While it 
does not pretend to be an encyclopedia of pharmacologic information, it 
does contain the essential actions, uses, and toxic manifestations of all 
useful drugs. There is a good chapter on prescription writing, and a shorter 
one dealing with toxicology. Numerous practical prescriptions are given 
throughout the text, a feature which should appeal to many physicians. 

The book is well printed and indexed but it is regrettable that so few 
original illustrations have been used, especially since most of the illustrations 
have now appeared in three pharmacology texts published within the year. 

g. ©. 


NEW BOOKS. 


Diseases of the Digestive System. Edited by Stoney A. Portis, B.S., M.D., 
F.A.C.P., Associate Clinical Professor of Medicine, Rush Medical Col- 
lege of the University of Chicago; Attending Physician, Michael Reese 
Hospital; Consulting Physician, Cook County Hospital, Chicago. (Fifty 
Contributors.) Pp. 952; 176 illustrations. Philadelphia: Lea & Febiger, 
1941. Price, $10.00. 

The Réle of the Liver in Surgery. By Frepertck FirzHersert Boyce, 
B.S., M.D., Diplomate of the American Board of Surgery; Fellow of the 
American College of Surgeons; Visiting Surgeon: Charity Hospital of 
Louisiana at New Orleans, French, Mercy, Southern Baptist Hospitals, 
Hotel Dieu and Touro Infirmary. Pp. 365; 44 illustrations. Spring- 
field, Ill.: Charles C Thomas, 1941. Price, $5.00. 

Plague on Us. By Geppes Situ. Pp. 365; illustrated. New York: The 
Commonwealth Fund, 1941. Price, $3.00. 

Radiologic Physics. By CHARLES WeyL, 8S. Retp Warren, Jr., and 
Dauuett B. O'NEILL, Moore School X-Ray Laboratory, Moore School of 
Electrical Engineering, University of Pennsylvania. With a Foreword 
by EuGcene P. Penpercrass, M.D., Director of the Department of 
Radiology, University of Pennsylvania. Pp. 459; over 160 illustrations. 
Springfield, Iil.: Charles C Thomas, 1941. Price, $5.50. 

Mechanisms of Biological Oxidations. By Davin E. Green, Senior Beit 
Memorial Research Fellow, Institute of Biochemistry, University of 
Cambridge (Cambridge Biological Studies, General Editor, C. H. Wap- 
DINGTON). Pp. 181; 22 figures. Cambridge: The University Press, 
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BILATERAL CORTICAL NECROSIS OF THE KIDNEYS. 


BILATERAL cortical necrosis or symmetrical cortical necrosis of the 
kidneys are terms used to indicate a pathologic entity of obscure etiol- 
ogy characterized by more or less complete and uniform necrosis of 
the cortex of both kidneys, including the columns of Bertin. This 
interesting lesion was first recognized and described in a case reported 
by Juhel-Rénoy*® in 1886. Ash,? in 1933, made a complete survey of 
the literature up to that time and was able to find 42 cases which he 
considered authentic, as well as 18 in which the clinical course or 
pathologic findings or both were suggestive but not conclusive. He 
also reported 2 cases of his own. Including the latter, 45 new cases 
have been reported in the 7 years which have elapsed since Ash's review 
of the literature. The fact that more cases of bilateral cortical necrosis 
of the kidneys have been reported in the last 7 years than in the pre- 
ceding 47 does not necessarily indicate an increasing incidence of the 
disease, but it definitely points to an increasing interest in and recog- 
nition of this peculiar lesion of the kidneys. 

In addition to the cases already mentioned there have been reported 
in recent years two groups in which chemical poisoning produced a 
form of renal necrosis similar in many respects to bilateral cortical 
necrosis of the kidneys of unknown cause. Barber,‘ in 1934, reported 
5 industrial fatalities among workers exposed to the inhalation of 
dioxane fumes (di-ethylene dioxide, the anhydride of di-ethylene gly- 
col). Postmortem examination in 3 of these cases revealed patchy 
hemorrhagic necrosis of the renal cortex and central necrosis of the liver 
lobules. In the second group, reported some 3 years ago, death fol- 
lowed the ingestion of an elixir of sulphanilamide (Massengill). These 
deaths were attributed to the fact that the elixir contained di-ethylene 
glycol as a solvent. In these cases the changes in the kidneys consisted 
of an intense hydropic degeneration of the renal tubular epithelium 


PATHOLOGY AND BACTERIOLOGY 429 


followed in some instances by a patchy hemorrhagic necrosis of the 
renal cortex.5**48 There was also marked hydropic degeneration of 
the central cells of the liver lobules. Similar hydropic degeneration of 
the liver and kidneys has been produced experimentally in animals by 
the administration of either dioxane®® or di-ethylene 
The constant presence of conspicuous lesions in the liver as: well as in 
the kidneys in both groups of human cases distinguishes them from all 
others of symmetrical renal cortical necrosis. Moreover, the fact that 
careful investigation has clearly established the etiologic agents sets 
these cases apart as groups by themselves, representing the effects of 
dioxane poisoning in the first instance and of di-ethylene glycol poison- 
ing in the second. For these reasons these two groups of cases will be 
omitted from detailed consideration in this review and attention will 
be devoted exclusively to the cases of bilateral necrosis of the renal 
cortex in which no such clear-cut etiologic factors are apparent. 

While a few cases, diagnosed clinically as bilateral cortical necrosis 
of the kidneys, have been reported with recovery ,'**7“*® it is our inten- 
tion to analyze only those in which the diagnosis is established beyond 
doubt by postmortem examination and adequate description of the 
pathologic changes. If this criterion is applied it is necessary to exclude 
5 of Ash’s 42 authentic cases.2, Moreover, 12 cases reported more recently 
by de Navasquez*¢ do not lend themselves to analysis since the cases 
are not individually protocolled. However, 1 case reported in 1923 by 
Bamforth® and not tabulated by Ash is added here as an authentic case. 
Thus, it is possible to base a description of the clinical and pathologic 
features of the disease on an analysis of 71 cases. This description 
will be followed by a summary of the experimental methods by which 
the renal lesions appear to have been reproduced in animals, and 
finally by a discussion of the etiology and pathogenesis of bilateral 
cortical necrosis of the kidneys as it occurs in man. 

From the point of view of clinical history, the 71 cases fall naturally 
into two groups, those in which bilateral cortical necrosis of the kidneys 
occurred at the termination of pregnancy and those in which there was 
no association with pregnancy. The former group, comprising 48 cases, 
is set out in Table 1, while the cases of renal necrosis not associated 
with pregnancy and numbering 23 are shown in Table 2. The numeri- 
cal predominance of the first group over the second is due largely to an 
even greater predominance of such cases in the literature prior to 1933. 
Of the 33 cases reported since that time and analyzed here, 17 occurred 
in males or non-pregnant females. Thus, it is no longer possible to 
agree with statements such as that of de Navasquez**¢ that there is an 
“almost invariable association with pregnancy.’ While bilateral corti- 
cal necrosis of the kidneys may occur at the termination of pregnancy, 
or may be associated with a variety of other diseases or may appear as 
a primary disease per se, the renal lesions themselves are of identical 
character in all cases, as are also the clinical signs and symptoms refer- 
able to these lesions. Therefore, it is necessary to separate the groups 
only insofar as differences exist in the clinical background upon which 
the signs and symptoms of bilateral cortical necrosis of the kidneys 
make their appearance. Anuria or extreme oliguria marks the onset 
of the disease. From this point onward the clinical course is virtually 
the same in all fatal cases and for this reason we shall deal with all 
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cases in a single account of the clinical features of symmetrical necrosis 
of the renal cortex. 

Clinical Background of Bilateral Cortical Necrosis of the Kidneys. 
Pregnancy. The 48 cases of bilateral cortical necrosis of the kidneys 
detailed in Table 1 were associated with pregnancy. The ages of these 
patients are distributed throughout almost the whole child-bearing 
period. The youngest patient was 19 years, the oldest 48, but almost 
two-thirds of the cases occurred in women from 30 years upward and 
exactly one-third in the period from 30 to 35 years inclusive. The 
number of previous pregnancies varied from zero to 15, and appeared 
to have no bearing on the occurrence of renal necrosis. The pregnancies 
in association with which symmetrical necrosis of the kidneys occurred 
were terminated with striking frequency by premature delivery and 
resulted in stillbirth in all cases but 1 (twins).** Among 36 cases in 
which the month of pregnancy is recorded, gestation was terminated 
prematurely in 33 cases, usually in the fifth to eighth month. Prema- 
ture delivery was explained in 21 cases by premature separation of the 
placenta and in 8 other cases by the occurrence of pre-eclamptic toxemia. 
Convulsions occurred in 12 cases before the beginning of anuria. Only 1 
of these patients had had convulsions at the end of a previous pregnancy. 
Headache or disturbances of vision or both were mentioned as occurring 
in one-half of the cases, frequently beginning a week or more before 
delivery. It is noteworthy that these symptoms were conspicuous by 
their absence among the cases of bilateral cortical necrosis of the kidneys 
not associated with pregnancy. Only | patient’ was said to have suffered 
from nephritis in the final pregnancy, and this patient as well as 2 
others,**¢*° had had nephritis previously. Cesarean section was per- 
formed in 4 cases,'® 7-8 a version in 1,55 a Credé removal of the placenta 
in 1, and the membranes were artificially ruptured in 6 cases, with the 
definite development of surgical shock in 1 of these. Postpartum 
infection of the uterus was rare, occurring in only 6 cases, in 3 of 
which®*“' it was a sequel to induced abortion. In 2 cases* there was 
infection of abdominal operative wounds. However, in all cases of 
infection, anuria appeared before the infection was detected clinically. 
The time of appearance of anuria was noted in 45 of the 48 cases. It 
began on the day of delivery in 36 cases, within 3 days after delivery in 5 
cases, and preceded delivery in 4 cases. All of the 4 latter patients" 47 
had shown signs of some form of toxemia before anuria commenced. 

Conditions Other Than Pregnancy. The 23 cases of bilateral cortical 
necrosis of the kidneys not associated with pregnancy are shown in 
Table 2. The patients were males in 15 instances and females in 8. 
Their ages were distributed almost uniformly through the second to 
fifth decades with only 3 cases over the age of 50. The youngest 
patient was 13 years old and the oldest 64. There was no significant 
difference between the two sexes in age distribution. Symmetrical 
renal necrosis occurred in association with a variety of apparently unre- 
lated conditions in 20 cases, and it appeared also in 3 cases in the 
absence of any associated disease and without any clue as to a possible 
etiologic factor. The renal lesions occurred in 9 cases during the course 
of various infections such as scarlet fever,** diphtheria,® tonsillitis,*:”* 
pneumonia,® pneumonia with camphor injections,”® tuberculosis,' thera- 
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peutic malarial infection,“ and dysentery.’ Evidence of absorption of 
materials which might be interpreted as toxic was present in 8 cases. 
Such substances included camphor, injected during the course of pneu- 
monia,’® alcohol,’ local anesthetic employed for a nasal operation,” 
almond extract,” cobra venom,® and thyroid extract administered for 
postoperative hypothyroidism.®® In 1 case there was an associated 
nephritis.“ Moderate hypertension was observed in 3. 
Renal necrosis occurred in 1 case in association with thrombocytopenic 
purpura; in another it was associated with extreme shock following 
an automobile accident,”' and in a third case it followed extreme dehy- 
dration of 2 weeks’ duration due to refusal of the patient to eat or 
drink.* In 3 cases no antecedent event of possible causal significance 
was mentioned.?”° 

Clinical Features of Bilateral Cortical Necrosis of the Kidneys. 
Regardless of the clinical background upon which bilateral cortical 
necrosis of the kidneys makes its appearance, the course of the disease 
after the onset of anuria is essentially the same in all cases. There- 
fore, we shall consider together all of the 71 cases shown in Tables 
and 2 insofar as the clinical features of symmetrical renal necrosis are 
concerned. 

Anuria or extreme oliguria marks the onset of the disease. In 29 
of the 71 cases this was accompanied by pain or tenderness either in 
the epigastrium or loins, or beginning in the epigastrium and radiating 
to the loins. In some instances the pain radiated along the course of 
the ureters. Complete anuria persisted in some cases from the first 
day until death, but in others it was preceded by a period of extreme 
oliguria. In those patients who survived for the longest times, a period 
of complete anuria was followed by the excretion of small quantities of 
urine. The total duration of the disease varied within rather wide 
limits. Two patients died on the second day of urinary suppression,!*! 
while 1 patient suffered from anuria followed by oliguria for a total of 
32 days before death." Of the 71 patients, 52 died in 4 to 12 days. 
Among the 52 cases in which urine was obtained for examination it 
contained in 48 cases abnormal constituents, notably quantities of 
albumin in 47 cases, white blood cells in 26, red blood cells in 22, and 
hyaline or granular casts in 19 cases. Several authors have noted that 
the small samples of urine obtained just before the onset of complete 
anuria were grossly bloody, a point emphasized as diagnostic by Kellar 
and Arnott" and by Gibberd.2? Various chemical examinations of the 
blood were carried out in 29 cases and in every instance yielded evidence 
of progressive nitrogen retention. The terminal level of the non-pro- 
tein nitrogen, when reported, varied from 85 to 356 mg. per 100 ce., 
the terminal creatinine content ranged from 3.5 to 26 mg. per 100 cc., 
and the blood urea from 108 to 533 mg. per 100 cc. Headache and 
blurring of vision occurred only in those patients who had been preg- 
nant and in most cases these symptoms were present before the onset 
of anuria. Examination of the eyegrounds in 13 cases revealed abnor- 
malities in 9 instances consisting of edema of the disks or albuminuric 
retinitis, or both. In a few instances some tortuosity of retinal vessels 
was described. Edema of the dependent parts, followed in some 
instances by slight generalized edema, was observed in 28 of the 71 
cases. The exact time of the appearance of edema was not stated in 
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every case, but there were some patients in whom edema first appeared 
after the onset of anuria. Blood pressure readings taken after the 
onset of anuria revealed no characteristic trend, except for a terminal 
fall in blood pressure in those cases where it was followed throughout 
the illness. The temperature in the majority of cases varied from 99° 
to 101° F. One patient had fever reaching 105° and in another the 
temperature rose to 106°. One of these had lobar pneumonia and the 
other became markedly dehydrated because of refusal to eat or drink. 
Leukocyte counts, when made, usually showed a leukocytosis ranging 
from 14,000 to 40,000. Almost without exception the patients were 
described as remaining in a state of extraordinary mental clarity until 
a day or two before death. It is true that some of the pregnant patients 
who had suffered convulsions at the time of delivery remained comatose 
during the first 1 or 2 days of anuria, but after this time these patients, 
as well as the others, were mentally clear almost to the end. Some 
degree of drowsiness occasionally passing over into coma, and some- 
times associated with uremic twitchings or frank convulsions, were 
described as a terminal development in 31 of the 71 cases. 

Thus the clinical course of most of the fatal cases of bilateral cortical 
necrosis of the kidneys is practically that which follows extirpation of 
the kidneys. It should be borne in mind, however, that symmetrical 
renal necrosis could quite conceivably occur to an extent sufficient to 
cause a period of oliguria or anuria, but not sufficient to exclude the 
possibility of restoration of function in the non-necrotic portions of the 
cortex with recovery of the 4! 

Pathologic Features of Bilateral Cortical Necrosis of the Kidneys. 
In the great majority of cases, the important pathologic changes are 
confined to the kidneys. The kidneys are slightly enlarged, somewhat 
swollen in appearance, and softer in consistency than normal. The 
capsule is usually of normal thickness and strips with ease leaving a 
perfectly smooth surface. A few cases have been reported in which 
the renal capsules were somewhat thickened and slightly adherent, 
while the kidneys themselves had finely granular surfaces and were not 
appreciably enlarged." 1 28.30.47 ,56,65,72 

As the name implies, the essential lesion of bilateral cortical necrosis 
of the kidneys is found within the renal cortex. Comparison of the 
descriptions of the characteristic renal changes as observed in the 
reported cases reveals certain differences in detail between different 
cases; but it is apparent that the lesions of the kidneys in all instances 
are of the same general character, representing ischemic necrosis of 
the renal cortex of varying degrees of severity. The least extensive 
renal lesions give the appearance of multiple small infarcts scattered 
throughout the cortex of both kidneys. With involvement of some- 
what greater degree, there are numerous closely set infarct-like lesions 
of the cortex which in some places coalesce to form irregular bands 
of necrosis parallel to the cortical surface. In most cases the necrosis 
is even more widespread, so that the appearance of individual infarcts is 
lost, and almost the whole cortex, ‘including the columns of Bertin, 
is rendered necrotic. However, even in such cases, scattered radial 
streaks of more or less intact cortical tissue separate the completely 
necrotic areas, indicating that the large necrotic areas are probably 
formed by the coalescence of innumerable small areas of ischemic 
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necrosis. Nevertheless, these different degrees of involvement do not 
represent stages in a chronologic sequence of events. It can only be 
stated that the extent of the necrosis varies from case to case. As 
might perhaps be expected, the least extensive lesions are frequently 
found in those patients who survive for the longest time, while extremely 
widespread necrosis is found in many patients who survive for only a 
few days. 

Viewed from the surface of the kidney, the areas of necrosis in any 
given case have the same appearance everywhere, and appear to be 
of the same age. Recently necrotic areas show up on the external sur- 
face as red patches mottled with yellow, but in slightly older lesions 
the yellow color becomes predominant although a deep red peripheral! 
zone remains. Such areas may be discrete, or may be so numerous as 
to coalesce in many places, or the whole surface of the kidney may be 
affected so that it is everywhere mottled or marbled with irregular red 
and yellow patches. Necrosis may be so extensive and complete that 
the whole kidney surface has a tawny yellow color, with only scattered 
fHecks of red. 

The cut surface of the kidney bulges slightly and the thickness of the 
cortex is somewhat increased. The infarct-like areas of necrosis are con- 
fined to the cortex and lie just beneath the surface, separated from it by 
an extremely thin layer of intact tissue, and extending for a variable 
distance towards the medulla. In a sinall number of cases,“'**:* early 
hemorrhagic necrosis has been described, but in most of the cases 
analyzed the necrosis was evidently of longer standing and lacked this 
hemorrhagic character. In cases of the latter kind, each area of necro- 
sis possesses a yellow opaque center bordered by a narrow deep red 
zone which separates it from the surrounding normal tissue and passes 
through the thin subcapsular layer of intact tissue. Coalescence of 
individual areas of necrosis may obliterate the intervening red zones 
so that a solid yellow band of necrosis is formed, interrupted at long 
intervals by narrow red streaks. Necrosis of this extent may reach so 
close to the capsular surface that no peripheral red zone is distin- 
guishable, although the inner margin of the necrotic band is clearly 
marked by a deep red line which is frequently described as being 
distinctly jagged or dentate. Areas of necrosis in the columns of 
Bertin have a similar yellow opaque appearance and are likewise limited 
by a peripheral zone of red. Usually the necrosis, even though 
very extensive, does not involve more than the outer half to two-thirds 
of the cortical layer but may involve almost its whole thickness down 
to the bases of the pyramids. In 3 cases“ 5° the medullary tissue 
immediately adjacent to the cortex was also necrotic in places but in 
all other cases the medulla was entirely normal in appearance or merely 
hyperemic. 

The grossly visible renal arteries and veins are notably free from 
occlusion of any form in almost every case, but non-occlusive arterio- 
sclerotic plaques in the larger renal arteries have been described in 
3 cases’ 537 and thrombosis of the renal veins in 2 others.”:7° The 
renal pelvis and peripelvic tissues as a rule show no gross alterations, 
hut in a few instances petechial hemorrhages in the mucous membrane 


of the pelvis are mentioned.” **:79 
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Microscopic Appearance of Renal Lesions. Microscopically, the le- 
sions in the kidneys correspond with the gross appearance of more or 
less widespread necrosis of the renal cortex. The variable distribution 
and extent of these lesions has already been indicated in the preceding 
paragraphs. The early hemorrhagic lesions described in a few cases 
are correspondingly hemorrhagic under the microscope, while older 
lesions, grossly visible as yellow opaque patches, prove to be composed 
of almost completely bloodless necrotic tissue. Each of these older 
areas of necrosis is bordered by a hyperemic and hemorrhagic zone 
corresponding with the red line seen in the gross specimen at the margin 
of each of the vellow patches. 

Within the areas of necrosis the general architecture of the cortical 
tissue is clearly recognizable, but all component elements are com- 
pletely necrotic. The glomeruli retain their normal size, as has been 
confirmed by actual measurements, and they appear normally deli- 
cate in structure, but the nuclei show marked alterations ranging from - 
pyknosis or fading of nuclear staining to complete disappearance of ° 
nuclei. Hirst® described in- 1 case an increased cellularity of the- 
glomerular tufts, but this appears to be exceptional and the glomerular 
cell counts made in 11 cases by de Navasquez™ revealed no variations 
beyond the normal limits. The capillaries usually are described as 
empty but some authors record the presence of fibrin thrombi,’ *“ 
conglutinated red blood cells, or fat droplets ®.7* within their lumina. 
The necrotic tubular epithelium, like the glomerular cells, may show 
any degree of nuclear degeneration up to complete disappearance of 
nuclear staining. The cells are swollen, granular and eosinophilic, the 
cell boundaries are distinct in some cases but in others the cells are 
merged with one another and their internal borders ragged and indefi- 
nite. The lumen of the tubules usually contains granular fragments 
of desquamated necrotic epithelial cells, hyaline casts and occasionally 
a few red blood cells or degenerating white blood cells. The nuclei of 
the interstitial tissue persist for a longer time than the nuclei of the 
parenchymal cells but in some cases all nuclear staining is lost. 

At the margin of the completely necrotic tissue various stages of 
cell degeneration leading up to necrosis are visible. Fat stains gener- 
ally reveal some degree of fatty degeneration of the intact tubular epithe- 
lium in this marginal zone, while calcification of necrotic epithelial cells 
near the margin has been described in a few cases." On the other 
hand, regeneration of the epithelial cells of the peripherally placed 
necrotic tubules, while apparently not a common event, is described 
in at least 1 case. Glomeruli in this region are usually described as 
being hyperemic and are frequently distended with blood which may 
be found also in the capsular spaces. Indeed, there is hyperemia of 
the whole capillary bed in the marginal zone with minute hemorrhages 
into the tissue. This hyperemic and hemorrhagic zone tends to be 
most pronounced along the internal border of the necrotic areas and 
much less conspicuous or almost lacking in the thin layer of living tissue 
which separates the areas of necrosis from the capsular surface of 
the kidney. Except in cases where cortical necrosis is very recent an 
infiltration of neutrophils is constantly found around the whole periph- 
ery of the necrotic tissue, mingling with extravasated red blood cells, 
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but extending slightly beyond the hemorrhagic zone into the bloodless 
areas of complete necrosis, where they may be represented only by 
pyknotic fragmented nuclear remains. There is a notable absence of 
bacteria in these renal lesions. 

In almost every reported case of bilateral cortical necrosis of the 
kidneys, there is described either some kind of pathologic alteration in 
the walls of the small arteries in the areas of cortical necrosis, or occlu- 
sion of their lumina by some form of thrombosis, or both. The exact 
state of the arterial walls is not described in every instance in sufficient 
detail to indicate clearly the character of the vascular changes. A con- 
siderable number of authors make no mention of pathologic alterations 
in the walls of the arteries. On the other hand, in about one-third of 
the reported cases there is a clear description of definite changes in the 
arterial walls. These have been especially well described by Geipel 2” 
Hunt,** Weaver and von Haam,* and von Zalka.’* The affected arter- 
ies are widely dilated, their walls appear swollen and succulent, and the 
cells composing them are smudgy, or partly disintegrated, being sepa- 
rated from one another by an eosinophilic material in which a network 
of fibrin threads can be demonstrated by appropriate stains. The 
internal elastic lamina is frayed and fragmented. The outer layers of 
the necrotic vessel walls, and the immediately adjacent tissues are 
infiltrated by disintegrating leukocytes. In other instances the indi- 
vidual cells of the arterial walls are scarcely recognizable as such, since 
they are merged or fused into a granular or hyaline eosinophilic mass 
containing an abundant proportion of fibrin. In any given case the 
arterial necrosis appears to be of about the same age in all affected 
58a.67 Such changes in the walls of arteries are interpreted as 
indicating the occurrence of a primary necrosis in the vessels prior to 
the beginning of necrosis in the surrounding parenchyma. 

This type of necrosis involves especially the intralobular arteries, 
although it frequently extends into the afferent arterioles and even 
into the hilus of the glomerular tuft. The restriction of this primary 
necrosis to arteries of the smallest order of size, 150 u or less in diam- 
eter," is very striking indeed. Interlobar (“arcuate’’) arteries are 
involved only rarely.'*%* It is especially worthy of note from the 
point of view of pathogenesis that the primary arterial necrosis has 
been clearly described in a number of instances as involving segments 
of the intralobular arteries proximal to the areas of necrosis in the 
parenchyma.??-™ 28.44.68 .67.78 

Regardless of whether primary arterial necrosis was present or not, 
there was found in almost every case some form of plugging of the 
intralobular arteries and their branches. The exact character of the 
intravascular masses is a point upon which there is considerable differ- 
ence of opinion between different investigators. Many authors simply 
state that the arteries are occluded by thrombi, fibrin thrombi or 
hyaline thrombi, without describing their appearance in any detail. 
In a number of instances, however, the thrombi are described as being 
composed of platelets and a fibrin network enmeshing red and white 
blood cells,!' 9°54. or consisting merely of an eosinophilic homogene- 
ous amorphous mass.” **" In some cases such thrombi are described 
as appearing compact in their peripheral layers next to the arterial 
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wall but are more delicate toward the center which may even be 
patents") On the other hand, several authors speak of the plugs 
merely as masses of packed, conglutinated red blood cells with little or 
no fibrin formation or platelet deposit, and therefore they question 
that they are true thrombi? The presence of stainable fatty 
substances mixed with the thrombus material has been recorded in 
5 cases.” 38 65 

Whatever may be the character of the intravascular masses described 
in any given case, their distribution is similar in all cases. They occupy 
the lumina of almost all of the intralobular arteries throughout the 
areas of necrosis of the parenchyma and frequently extend into the 
afferent arterioles of the glomeruli and even into glomerular capillaries. 
In Herzog’s case™ the thrombi not only filled glomerular capillaries but 
were found also in the efferent arterioles. In a considerable proportion 
of cases it is specifically stated that segments of the intralobular arteries 
proximal to the areas of cortical necrosis were also occluded by thrombi. 
It is only in this location that organization of the thrombi has been 
observed! 2% The absence of organization of thrombi else- 
where is probably explained by the fact that thrombi lie in the midst 
of totally necrotic tissue incapable of initiating organization. Throm- 
bosis of intralobular veins has been mentioned in 6 cases.'7 

Thus, while there is disagreement as to the exact character of the 
vascular lesions in the kidneys in bilateral cortical necrosis, all authors, 
whether they describe primary arterial necrosis, arterial thrombosis or 
both, agree as to the localization of these changes in the intralobular 
arteries and afferent arterioles of the glomeruli, to the virtual exclusion 
of arteries of larger size. 

The cortical tissue outside the areas of necrosis and beyond their 
hyperemic margins usually appears entirely normal, apart from an 
occasional obliterated glomerulus such as might be found in any kidney. 
Dalrymple," Penna de Azevedo and de Castro Teixeira,® and Scriver 
and Oecrtel® have described each in 1 case evidence of glomerulonephri- 
tis in the intact parenchyma in the form of increased glomerular cellu- 
larity, thrombosis of glomerular capillaries, and exudate, crescent for- 
mation and adhesions in the capsular spaces. Penna de Azevedo attrib- 
uted the glomerulonephritis in his patient, who had been bitten by a 
cobra, to the recognized ability of cobra venom to produce renal lesions 
of this character. Kellar and Arnott* mentioned the presence of 
pyelonephritis in | of their cases. In the case reported by Lloyd* 
there was found thickening of renal arteriolar walls with narrowing of 
their lumina, interstitial fibrosis and thickening of Bowman's capsules. 
While necrosis of the cortex may reach the medulla at the bases of the 
pyramids, there are only 5 cases in which the medullary tissue was even 
slightly involved in the process of necrosis. Generally the 
medulla shows only moderate hyperemia with scattered minute 
hemorrhages, a slight degree of cloudy swelling, and the presence of 
numerous granular or hyaline casts in the collecting tubules and in 
Henle’s loops. 

Lesions in Other Organs. No changes in organs other than the kid- 
neys are found constantly in association with bilateral renal cortical 
necrosis. Since the renal lesions sometimes occur with eclampsia, it is 
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interesting to note that in only 3 cases have lesions resembling eclamp- 
tic necrosis of the liver been described.*%°* Central necrosis of the 
liver lobules is almost as Seriver and Oertel® 
described multiple, hemorrhagic ulcerations of the large intestine in 
| of their cases, with hyaline necrosis of the underlying blood-vessels. 
In French’s case,*° there was an associated acute pancreatitis. In 
t cases, there were multiple small infarct-like areas of recent necrosis 
in the spleen with thrombosis of the neighboring arterioles. 
The adrenal cortex contained minute areas of recent hemorrhagic necro- 
sis in 4 cases.'? 4758-3 The brain in 3 cases showed numerous petechial 
hemorrhages, localized to the pons in 1 case®™ and to the pons, mid- 
brain and basal ganglia in another.” In the third case, there was an 
associated thrombosis of the small cerebral vessels.“ In Cortese’s 
case,” fat droplets were found in the capillaries of the lungs as well as 
in the glomerular capillaries of the kidneys. 

Experimental Production of Bilateral Cortical Necrosis of the Kid- 
neys. Within recent years there has been a renewal of interest in the 
ability of staphylococcal toxin to produce necrosis of the kidneys. The 
renal lesions resulting from intravenous injections of the toxin in rabbits 
and cats have been studied carefully by Rigdon, Joyner and Ricketts,®° 
von Glahn and Weld,” Glynn®® and de Navasquez.** All of these 
authors describe symmetrical necrosis of the outer part of the renal 
cortex of a character practically identical with that observed in human 
beings. The earliest microscopic changes are found almost immediately 
after the first injection of toxin in the form of dilatation and engorge- 
ment of arterioles and glomerular capillaries in segments of the cortex, 
accompanied by alterations in the mitochondria of the epithelium of 
adjacent convoluted tubules.“ More and more glomeruli become simi- 
larly engorged and finally ruptured, while beginning necrosis of the 
parenchyma becomes evident at the end of about 12 hours. Necrosis 
is widespread and complete by the end of 2 to 3 days, and by this time 
the areas of necrosis have lost their early hemorrhagic character. While 
glomerular capillary damage and dilatation of arterioles are constantly 
observed, only de Navasquez** and von Glahn and Weld™ have de- 
scribed definite necrosis of the walls of the intralobular arteries and 
afferent glomerular arterioles. De Navasquez** states that vascular 
necrosis is the primary event, leading to ischemic necrosis of the paren- 
chyma through plugging of these vessels and glomerular capillaries by 
packed conglutinated red blood cells. According to von Glahn and 
Weld” ischemic necrosis is caused by occlusion of intralobular arteries 
and afferent arterioles by fibrin thrombi, while Glynn®* suggests that 
ischemia is the result of rupture of glomerular capillaries with disrup- 
tion of the circulation at this point. In addition to the renal lesions, 
de Navasquez*© describes multiple necroses of the adrenal cortex which 
he believes are also of ischemic origin. 

Reyna,®* by the intravenous administration of lithium carmine daily 
for 2 to 6 days, was able to produce, in a considerable proportion of 
the rabbits used, renal lesions which he regarded both in their gross 
and microscopic appearance as identical with bilateral cortical necrosis 
of the kidneys in man. The outstanding microscopic feature, apart 
from the necrosis of the parenchyma, was the occlusion of the afferent 
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arterioles and capillaries of the glomeruli by fibrin thrombi. The wide- 
spread thrombosis of these minute vessels was held responsible for the 
ischemic necrosis of the cortex. Reyna also found infarct-like areas of 
ischemic necrosis in the adrenal cortex, and necroses in the liver which 
he stated were similar to those found in eclampsia. 

Byrom,® investigating the morbid effects of vasopressin (pitressin) in 
rats, found that relatively small doses produced only poorly defined 
areas of pallor in the kidneys with degenerative changes of tubular 
epithelium in these areas. However, with large doses repeated daily 
or twice daily, definite pale anemic infarcts were produced in the renal 
cortex within 24 hours. The extent of the infarction of the kidney 
varied in different animals but after very large doses in small animals 
adjacent infarct-like areas of necrosis became merged to produce an 
appearance closely resembling that of bilateral cortical necrosis of the 
kidneys in man. Necrosis of the renal arteries was a constant finding 
when large doses of vasopressin had been given, the smallest arteries 
being affected by smaller doses and larger arteries by larger doses. 
Thrombosis of the necrotic arteries or arterioles did not occur. Similar 
arterial necrosis was observed in arteries in the wall of the stomach 
and there were also focal necroses of the liver. Both the necrosis of 
arteries and arterioles and of the renal and hepatic parenchyma were 
attributed to intense vasoconstriction. 

The fact that symmetrical necrosis of the renal cortex occurs in swine 
infected with the virus of hog cholera is emphasized by Roéhrer,*' who 
reviews the veterinary literature on the subject and gives a detailed 
account of the renal lesions based on his own experimental observations. 
The lesions may take the form of pale, infarct-like areas of necrosis 
scattered through the renal cortex, or necrosis may involve almost the 
whole cortical layer, in either case producing a gross picture identical 
with that observed in certain human cases of bilateral cortical necrosis 
of the kidneys. The most widespread necrosis of the renal cortex was 
observed in swine which had been given large doses of pure virus with 
a view to immunization. Réhrer attributed the cortical necrosis, 
whether infaret-like or total, to ischemia caused by a primary hyaline 
necrosis and thrombosis of the cortical arteries which he found con- 
stantly in reiation to the areas of necrosis of the parenchyma. In 
association with small infaret-like lesions, the intralobular arteries and 
afferent arterioles of the glomeruli were affected while in cases of 
widespread total necrosis of the cortex primary arterial necrosis ex- 
tended even into the “arcuate” arteries. Infarct-like areas of ischemic 
necrosis also were found in the spleen in association with arterial lesions 
of a character identical with those observed in the kidneys. 

It has already been mentioned that dioxane and di-ethylene glycol 
in sufficient doses can cause in man a form of symmetrical necrosis of 
the renal cortex, which, however, in the case of di-ethylene glycol 
poisoning, is preceded by marked hydropic degeneration of the renal 
tubular epithelium and of the central cells of the liver lobules. The 
necrosis produced by either of these poisons in human beings is accom- 
panied by necrosis of the small renal arteries.**-** In various experi- 
mental animals the administration of dioxane or di-ethylene glycol 
causes marked hydropic degeneration of renal epithelium and of the 
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central liver cells, but the renal lesions are described simply as a severe 
tubular nephrosis. Vascular changes are lacking and the picture of 
bilateral cortical necrosis of the kidneys is not reproduced.!° 72.5% 
Thus it would appear, at least in the case of poisoning by these chemi- 
cals, that the pathologic picture of symmetrical necrosis of the renal 
cortex does not develop without involvement of the small cortical 
arteries. 

Etiology and Pathogenesis. A previous section of this review dealing 
with the clinical background upon which bilateral cortical necrosis of 
the kidneys makes its appearance shows that the disease may occur in 
males or females of almost any age in association with a great variety 
of apparently unrelated conditions, the etiologic significance of which 
is extremely difficult to assess. It is obviously impossible to state that 
there is any specific etiologic factor which is common to such diverse 
diseases as eclampsia, diphtheria, scarlet fever, pneumonia, tubercu- 
losis, malaria, dy sentery, and poisoning with almond extract or cobra 
venom. However, the cases of this kind evidently form the basis of 
the idea which pervades the literature that symmetrical cortical necro- 
sis of the kidneys is due to some “toxic” influence. Some of the 
methods of producing bilateral cortical necrosis of the kidneys experi- 
mentally in animals could also be construed as indicating a toxic etiol- 
ogy. If this idea is correct it is obvious either that various toxic sub- 
stances are capable of producing the same effect on the kidneys, or 
else that a specific endogenous toxic substance is produced during the 
course of a variety of unrelated diseases. There are still other cases 
in which there was a history of the use of substances that are generally 
considered to be of a “toxic” nature, such as alcohol and thyroid 
extract, but these substances even in large or fatal doses do not charac- 
teristically produce bilateral cortical necrosis of the kidneys. One is 
obliged, therefore, to consider the possibility that the association of 
renal necrosis with absorption of such toxic substances is purely fortui- 
tous and that the true cause remains obscure. It is scarcely necessary 
to point out that in the great majority of instances, eclampsia, diph- 
theria, scarlet fever, pneumonia, tuberculosis, malaria and dysentery, 
are not followed by bilateral cortical necrosis of the kidney s. Never- 
theless, since the great majority of cases of renal cortical necrosis occur 
in association with pregnancy or some serious infectious disease, it is 
almost impossible to avoid the conclusion that the renal disease is 
somehow dependent upon the condition which immediately preceded it. 
This same conclusion applies equally well, however, to certain cases in 
which conditions not ordinarily considered “ toxic”’ in the clinical sense, 
such as traumatic shock and dehydration, were followed by renal necro- 
sis. Moreover, there are 3 reported cases in which there was no evi- 
dence of antecedent toxemia nor, indeed, of any antecedent disease. 
Therefore, even if it is granted that toxic substances are capable, under 
suitable conditions, of causing bilateral cortical necrosis of the kidney, 
it must also be granted that the disease may occur without any evi- 
dence that toxemia has played an etiologic réle. All of this suggests 
that there may be a factor of predilection or idiosyncrasy inherent in 
the individual which determines the course of events when that 
individual is exposed to the influence of any one of a number of 
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definite toxic substances or to the influence of unknown and, in some 
instances, undetected general disturbances of metabolism or vasomotor 
function. 

Discussions of the pathogenesis of bilateral cortical necrosis of the 
kidneys have brought out a number of different and somewhat con- 
Hicting theories; but almost all authors agree that the necrosis of the 
renal parenchyma is ischemic in origin. This view is supported by the 
infaret-like appearance of the gross lesions, by the presence of a narrow 
zone of living tissue just beneath the capsule and by the fact that the 
zone of necrosis beneath this subcapsular layer always occupies the 
outer part of the cortex, leaving the inner layer intact except in a very 
few cases in which necrosis extends as far as the bases of the medullary 
pyramids. The early lesions observed in a few cases“ illustrate 
the early hemorrhagic stage of ischemic necrosis of the kidneys.‘ 
Microscopically, too, the picture is typical of infarction. Hirst,® 
Jardine and Kennedy, Manley and Kliman,®® and Weber“ have 
suggested that the necrosis is due to a primary damage to the cells of 
the renal parenchyma, but this possibility seems to be excluded by the 
fact that a sharply demarcated zone representing only a part of the 
thickness of the cortex is involved, and by the fact that, in the areas of 
necrosis, all component elements of both the parenchyma and the 
supporting connective tissue alike are rendered necrotic. 

Among the great majority of authors who regard the necrosis as 
ischemic in origin, there is considerable divergence of opinion as to 
the cause of the ischemia. In reporting the first case of bilateral 
cortical necrosis of the kidneys in 1886, Juhel-Rénoy*® expressed the 
opinion that the renal lesions were due to multiple embolism, but the 
absence in his case, and in practically all of the cases reported since 
that time, of a source of embolism and of evidence of embolism in 
other organs, together with the uniformity of distribution of the cor- 
tical necrosis throughout both kidneys, has led to the rejection of the 
idea of embolism by all subsequent writers. The only possible excep- 
tion is Cortese," who found in his case droplets of fat in glomerular 
capillaries and suggested that this represented fat embolism which 
had initiated a process of retrograde thrombosis in the afferent arterioles 
and intralobular arteries. He also described fatty material mixed with 
the thrombi in these vessels, an observation which has been recorded 
also in a few other cases.*5:4.7.3.79 However, in clear-cut cases of 
fat embolism, even when the kidneys are massively involved, the picture 
of symmetrical necrosis of the renal cortex is not reproduced and, as 
Oecrtel® has suggested, it is probable that the fatty accumulations in 
the thrombi represent condensations of finely divided fat into larger 
aggregations during thrombus formation, the excess fat originating 
from the presence of hyperlipemia which is common in pregnancy. 

It is obvious that ischemia leading to necrosis of a peripheral layer 
of cortical tissue of varying thickness must be attributed either to an 
organic or functional occlusion of great numbers of the minute “end 
arteries’ which supply this zone of the cortex. Moreover, vascular 
occlusion must become effective almost simultaneously in all parts of 
the cortex in both kidneys which ultimately become necrotic, for it is 
a constant observation that the areas of cortical necrosis in any given 
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case all appear to be of about the same age. The descriptions of 
the pathologic changes in the cortical blood-vessels summarized in 
a preceding section of this review, all locate the chief vascular disturb- 
ances in or beyond the intralobular arteries. With all of these con- 
siderations in view, various authors in discussing the pathogenesis of 
bilateral cortical necrosis of the kidneys have directed special attention 
to certain peculiarities of the small arteries and arterioles of the renal 
cortex. 

As demonstrated by Gross*! and Morrison,” the renal arteries divide 
into large branches, the interlobar arteries, which course between the 
cortex and medulla, and gradually decrease in size through repeated 
divisions. The intralobular arteries, arising everywhere from the 
smaller divisions of the interlobar arteries, penetrate the cortex in a 
direction perpendicular to the surface of the kidney, and give off a 
succession of fine branches, the glomerular arterioles, each of which 
leads to a single glomerulus. It is to these glomerular arterioles that 
a specialized function has been assigned by the studies of Richards 
and Schmidt®® on the kidneys of frogs. These investigators were able 
to show that injection of adrenalin caused arteriolar constriction which 
Was most pronounced in the glomerular arterioles at the point of divi- 
sion into glomerular capillaries. They also observed spontaneous con- 
tractility at this point. For these reasons, they thought that the 
afferent arterioles played a special rdle in the regulation of glomerular 
bloodflow. By means of a Roentgen ray technique, Milles, Miiller and 
Petersen®! demonstrated that adrenalin injections in dogs caused a 
marked constriction of the whole cortical arterial bed, while scarcely 
any change could be observed in the caliber of larger arteries. The 
same effect was observed after a short period of chilling of the whole 
animal, but both epinephrin and chilling failed to produce any discern- 
ible effect in kidneys previously denervated. After prolonged chilling, 
the vasoconstriction observed at first in the intact kidney gave way to 
marked vasodilatation. De Navasquez* and others have interpreted 
such experimental observations as indicating a special susceptibility of 
the small cortical arteries to various stimuli. In the same connection, 
Oertel® stated that the whole vascular system in pregnancy as well as 
in certain infections shows decided disturbances of its general irritability 
and that such disturbances may affect the vasculature especially of 
individual organs, leading to long-continued local or general vaso- 
constriction which may eventually give way to vasoparalysis. He 
believed that such circulatory breaks may possibly account at least in 
part for the symptoms of eclampsia referable to the brain, liver and 
kidneys. 

In view of such speculations regarding the importance of hyper- 
irritability of the renal cortical arteries especially under the conditions 
of pregnancy or infectious diseases, it is important first to determine 
whether marked and prolonged constriction of these vessels can cause 
ischemic necrosis of the renal cortex. Penner and Bernheim,*’ by the 
daily intrapleural or intraperitoneal administration of massive doses of 
epinephrin in dogs over periods of from 6 to 30 days, produced in the 
kidneys hemorrhagic necrosis of individual glomeruli or of small patches 
of the renal cortical tissue, but the extent of the necrosis scarcely 
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approximated that of the reported cases of bilateral cortical necrosis of 
the kidneys. It might be questioned whether the renal necrosis was 
due to vasoconstriction alone or to vasoconstriction followed by vaso- 
paralysis, especially in view of the hemorrhagic character of the necrotic 
areas. However, there is less reason to question that vasoconstriction 
was the cause of the renal necrosis produced by Byrom® in rats by 
injections of vasopressin, for the areas of renal infarction, the develop- 
ment of which was followed by direct observation in the intact animal, 
became pale within one-half hour after the first injection and remained 
pale up to the stage of complete necrosis. These experiments provide 
strong evidence in support of the view that intense and prolonged 
vasospasm may be responsible for the development of bilateral cortical 
necrosis of the kidneys in man. It should be pointed out, however, 
that proof of the ability of vascular spasm to produce renal cortical 
necrosis experimentally does not prove that this mechanism is necessar- 
ily the one responsible for the renal necrosis in all, or indeed in any, of 
the cases of the disease in human beings. 

The idea that spasm of the cortical arteries is responsible for sym- 
metrical necrosis of the renal cortex has been put forward chiefly by 
those authors such as Immink® and Furtwiingler™ in whose cases no 
thrombi were found in the renal cortical vessels. In 1 case reported 
by Jardine and Teacher* there were symptoms suggestive of Raynaud’s 
disease and Teacher thought, for this reason, that vascular spasm of 
the smaller renal arteries led to thrombosis of these vessels and conse- 
quent anemic infarction of the cortex. However, in a later paper by 
Jardine and Kennedy, the latter, who carried out the histologic stud- 
ies, stated that he could not support this opinion. Nevertheless, this 
same idea of vasospasm as the cause of thrombosis was subsequently 
restated by Cruickshank.” Zanzig’® believed that vasospasm was 
the initial event leading in turn to necrosis of the cortical arteries, 
thrombosis of these vessels and consequent ischemic necrosis of the renal 
cortex, 

Ocertel® also thought that bilateral cortical necrosis of the kidneys 
was dependent upon ischemia produced by vasomotor disturbances, 
but he constructed a rather complicated explanation based chiefly upon 
the studies of Ricker and his students. Ash* and Stening® have sub- 
scribed in the main to Oertel’s theory of pathogenesis and Ash referred 
to the disease as “engioneurotic anuria.”” According to Oertel, the 
various pictures in the kidney represent “the results of irritations of 
the terminal arterial segments of different intensities,’ weak irritation 
causing vasodilatation with increased bloodflow, medium irritation 
causing vasoconstriction with slowing of the blood current, and strong 
irritation causing vasoparalysis with dilatation of arterioles and capil- 
laries and slowing of the stream while the proximal arteries remain still 
constricted. The ultimate result is blood stasis in the terminal arterial 
segments with conglutination of red blood cells. If circulation is re- 
established and stasis relieved, corpuscular conglutination is dissolved 
and offers no obstruction to renewed bloodflow. It is suggested that 
restoration of circulation in this way may account for recovery in cer- 
tain cases. While alterations in the blood are regarded as being of 
mportance in the causation of arterial thrombosis, “ the actual deciding 
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event or moment for thrombosis occurs when circulatory irregularity 
and disproportions through vasoparalysis of terminal segmentary arter- 
ial levels supervene.”’ This explanation altogether seems somewhat 
forced and it fails to offer any reason whatever for the primary arterial 
necrosis observed in a considerable number of cases. 

On the other hand, de Navasquez concluded from the study of 
12 cases of bilateral cortical necrosis of the kidneys and from the 
study of the renal necrosis produced experimentally by staphylococcus 
toxin that the primary change in the human cases and in experimental 
animals is a diffuse necrosis of the walls of the peripheral intralobular 
arteries of the renal cortex and of their terminal branches unaccompa- 
nied by thrombosis. The vascular necrosis is caused by circulating 
agents of a “toxic’’ nature to the actions of which these vessels are 
especially susceptible because of their high functional specialization. 
The dilatation of the paralyzed and necrotic blood-vessels increases 
glomerular capillary pressure thus allowing excessive glomerular filtra- 
tion. The resulting concentration of red corpuscles leads to stasis in 
glomerular capillaries and the small cortical arteries, with consequent 
ischemic necrosis of the parenchyma. De Navasquez believed that 
there is no true thrombus formation in these vessels but merely a con- 
glutination of blood cells without fibrin formation or organization. 
This theory of pathogenesis is in direct conflict with the observations 
of those who describe true thrombosis of the cortical arteries or arteri- 
oles occurring in either necrotic or non-necrotic vessels with or without 
organization of the proximal portions of the thrombi. 

With the single exception of de Navasquez,* all of the authors 
who have described necrosis of the small renal cortical arteries have 
also described thrombosis of these vessels and have attributed the 
necrosis of the renal cortex to ischemia caused by this thrombotic 
occlusion. The majority of these writers regarded the arterial necrosis 
as the primary event and considered it the cause of the thrombosis. 
French,”° zu Jeddeloh,** Reyna,®* Stoeckenius,® von Zalka™ and others 
have attributed the primary arterial necrosis to the direct action of an 
unknown toxic substance on the vessel walls. Lanza* thought that 
in his syphilitic patient, who had been given a therapeutic malarial 
infection, the arterial necrosis was best explained on the basis of an 
allergic-hyperergic reaction caused by the release of spirochetal pro- 
teins. It appears that Zanzig’® is the only writer who has suggested 
that the primary arterial necrosis is due entirely to vascular spasm, 
although this same suggestion was made by Byrom® to explain his 
experimental results. 

A considerable number of authors have attributed the necrosis of 
the renal cortex to ischemia caused by thrombosis of the small cortical 
arteries which they observed in their cases in the absence of any con- 
spicuous pathologic alterations in the walls of these vessels. Several 
different explanations to account for the arterial thrombosis have been 
advanced by the different writers in this group. Bradford and Law- 
rence,’ Carson,'! Dalrymple,'® Evans and Gilbert,'® Glynn and Briggs,** 
Kellar and Arnott,"' and Stening® have suggested that some form of 
toxic damage to the endothelium of the cortical arteries is of first 
importance in the causation of thrombosis of these vessels. Various 
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changes in the general state of the blood, such as increased coagulability 
or an increased tendency to agglutination of cellular elements, have been 
suggested as important factors in the genesis of thrombosis by Bam- 
forth, Griffith and Herringham,*® Klotz, Rolleston,” Gaspar,” Oertel® 
and Stening,” but the three last named considered that alterations in 
the blood constituted merely a contributing factor. Teacher*’ and 
Cruickshank” regarded thrombosis as secondary to arterial spasm. 

The ischemic necroses observed by different investigators in the 
adrenal cortex, spleen and gastro-intestinal tract, both in man and 
in experimental animals, have been explained in all instances on the 
basis of the theory adopted by the respective authors to account for 
the development of bilateral cortical necrosis of the kidneys. 

The foregoing survey of the theories which have been advanced 
regarding the etiology and pathogenesis of bilateral cortical necrosis of 
the kidneys shows clearly a lack of general agreement on almost every 
important point. Diversity of opinion seems to derive largely from 
the fact that histologic changes differing in important details, especially 
as regards the vascular lesions in the renal cortex, have been described 
in different cases by the respective observers, including the most compe- 
tent, and it is only nvtural that each investigator should construct a 
scheme of etiology ard pathogenesis that will accord at least with the 
facts in his own case, marshalling from the literature the evidence to 
support his theory, but perhaps criticizing or simply ignoring the ideas 
of others who have developed their arguments on different premises. 
In spite of all this, there has emerged an almost complete agreement, 
at least within more recent years, on one point, namely, that symmetri- 
cal necrosis of the renal cortex is the result of ischemia caused by ob- 
struction of the circulation through the terminal cortical arteries and 
arterioles, and all of the facts strongly support this conclusion. How- 
ever, the etiology of the disease remains a matter of opinion or conjec- 
ture, while the succession of events which lead to ischemia of the renal 
cortex is a question still in hot dispute. 

It seems clear that the fundamental and primary disturbance must 
take place in the terminal arteries and arterioles of the cortex of the 
kidney. Not only is this indicated by the constant location of the 
cortical necrosis in the peripheral layers of the cortex but by the fact 
that the vascular lesions of whatever kind are localized with precision 
in these vessels. The Reviewers are prepared to believe that the 
lesions in the cortical arteries are really as varied in different cases as 
the various descriptions of these lesions would indicate. Indeed, one 
can searcely escape this conclusion after perusal of a series of different 
descriptions. However, in spite of the variations in the vascular 
changes, the general character of the cortical necrosis is virtually the 
same in every instance. This can only lead to the conclusion, which 
seems self-evident, that any mechanism capable of causing more or less 
simultaneous and prolonged interruption of bloodflow through a large 
number of the cortical arteries will produce the picture of symmetrical 
iecrosis of thé renal cortex. While the actual mechanism of occlusion, 
as it expresses itself in the final histologic picture in the cortical arteries 
ind arterioles, appears clearly to be somewhat variable, it seems reason- 
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able to suppose that certain factors in the etiology and pathogenesis of 
the vascular lesions are common to all cases. 

The etiologic agent is unknown, although it has been thought of as 
a circulating “toxic” substance or “irritant.” But it is not known 
whether this hypothetical agent is the same in every instance, whether 
it is exogenous or endogenous, or whether it acts directly on the arterial 
walls or by way of intense nervous stimulation. In any event, 
it seems clear that the deleterious factor or factors have in common 
the property of causing, under suitable conditions, disturbances in 
the terminal arteries of the renal cortex. How serious these disturb- 
ances may be, or whether they will occur at all, appears to depend, not 
only on the properties of the precipitating deleterious factors, but 
also on the sensitivity of the renal cortical arteries to stimulation or 
irritation. Experimental evidence has been cited to show that the 
intralobular arteries and glomerular arterioles normally are especially 
sensitive to stimulation, and it appears probable that in certain appar- 
ently normal individuals these vessels may be abnormally sensitive, 
or that they may become hypersensitive in certain individuals under 
the conditions of pregnancy or during the course of infectious diseases. 
This individual hypersensitivity or hyperirritability of the renal corti- 
cal arteries would correspond with the factor of individual predilection 
or idiosyncrasy suggested in the opening paragraph of this discussion. 

It appears entirely reasonable to us to suppose that the actual 
effects produced in the renal cortical arteries could vary with the 
degree of hypersensitivity of these vessels, and with the intensity or 
duration of action upon them of the irritating deleterious factor. Thus, 
one could conceive of a series of vascular disturbances of increasing 
severity: intense vasospasm; vasoparalysis; partial or complete necrosis 
of the arterial walls which might be due either to vascular spasm of 
extreme intensity or to the direct action of some toxic substance. At 
any stage in this ascending scale, bloodflow might be halted, either by 
the occurrence of true thrombosis, or through blood stasis and con- 
glutination of red blood cells in dilated vessels following vasoparalysis, 
or even by intense vasoconstriction alone. Such a general theory of 
the etiology and pathogenesis of bilateral cortical necrosis of the kidneys 
commends itself especially because it brings into accord all of the 
observed facts, both clinical and pathologic, including the variable 
alterations observed by different investigators in the renal cortical 
arteries. 

So far as thrombosis of the arteries of the renal cortex is concerned, 
it seems obvious that general alterations in the state of the blood of such 
a character as to promote thrombosis must be of importance in those 
cases where such changes in the blood are known or can be shown to 
exist. But general alterations in the blood cannot alone be held 
responsible for thrombosis restricted so sharply to the terminal arteries 
of the renal cortex and not occurring with any constancy in any other 
part of the body. It is apparent that the determining factor must be 
in the renal cortical arteries themselves. 

The hypersensitivity of the arteries and arterioles of the renal cortex 
is apparently shared in certain cases, though in much lesser degree, by 
the small arteries and arterioles of other organs such as the adrenal, 
spleen, intestine and brain. Reactions in these vessels similar to those 
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which occur in the renal cortical arteries could equally well account for 
the ischemic necroses observed on occasion in these organs. 


G. Lyman Durr, M.D. 
Ropert H. More, M.D. 
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FAMILIAL SUSCEPTIBILITY TO LEPROSY. 


“ EPIDEMIOLOGY,” as Frost has said, “is something more than the 
total of its established facts. It includes their orderly arrangement 
into chains of inference which extend more or less beyond the bounds 
of direct observation. But it is not easy when divergent theories are 
presented to distinguish immediately between those which are sound 
and those which are merely plausible."’. This has been especially true 
when epidemiologic inferences have led into fields not vet well bounded 
or cultivated. Therefore, it is constructive to turn back to the data 
from which earlier concepts have been evolved in order to retest them 
in the light of present knowledge. Thus, erroneously drawn proposi- 
tions may be amended, or the validities in conflicting hypotheses which 
have been formed from the same observation may be proved adjustable 
into a different concept. 

The evolution which has taken place in the concept of the epidemiol- 
ogy of leprosy can be retraced as far back as biblical times, because it 
has been more greatly feared than any other disease and hence more 
closely observed and recorded. Whatever actual evidence may have 
underlain the ancient theory of contagiousness has been lost in antiquity, 
but belief in its transmissibility is well shown by the measures taken 
against the spread of the disease in the time of Moses, as set forth 
explicitly in the Book of Leviticus. The leper was directed to bare 
his head, to put a covering on his upper lip, and to ery, “Unclean, 
unclean!’ He was to dwell alone, without the camp. His garments, 
“if the plague be reddish or greenish” in them, and found to spread, 
were to be burnt in the fire. The house in which there was leprosy 
was to be emptied; and if the priest on entering beheld the plague “in 
the walls of the house with hollow strakes, greenish or reddish, which 


in sight are lower than the wall . . . . then the priest shall shut up 
the house seven days. And the priest shall come again the seventh 
day . . . . and if the plague be spread in the walls of the house, then 


shall the priest command that they take away the stones in which the 
plague is, and they shall cast them into an unclean place without the 
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city; and he shall cause the house to be scraped within round about, 
and they shall pour out the dust that they scrape off without the city 
into an unclean ayo 

In the Middle Ages, according to the ritual of Paris, the following 
rules were given lepers by the priest :" 

They were forbidden to enter the church, or the market place, or 
the mill, or the public fair, or in any company or assembly of people 
whatsoever (person-to-person contact). 

They were forbidden to wash their hands and all necessary things in 
fountain or in brook or in any water whatsoever, and if they wished to 
drink were ordered to take water with their own jug or some other 
vessel (water-borne infection and the drinking cup). 

They were not allowed to touch anything that they wished to buy 
in any place whatsoever, but had to point to it with rod or staff. 

While going through the fields, they were not allowed to reply to 
anyone who might question them except first, for fear they might infect 
someone, they step off the road to leeward, and also they were not 
allowed to travel by highway at all for fear of meeting someone (air- 
borne infection). 

If necessity required that they take a path through the field, they 
were forbidden to touch the hedges, or bush, on either side, except 
before this they put on their gloves (contamination of objects). 

They were forbidden to touch little children or any young people 
whatsoever and to eat and | with companions save they were 
lepers (isolation). 

It would be difficult to determine to what extent the foregoing drastic 
precautionary measures were based on any acceptable evidence of con- 
tagion and how much purely upon fear of the “loathsome”’ disease. 
In any case, this concept must be classed as an epidemiologic inference, 
since it long antedated knowledge of infectious agents. But how close 
the older notion approached our modern concept of contagion is re- 
markable and is well illustrated by the meticulous measures outlined 
for the prevention of the disease, measures which might have been set 
forth by a trained sanitarian of the present day. 

The age-old theory of contagion was brushed aside in 1848 by 
Danielssen and Boeck, who advanced the doctrine that leprosy was 
almost exclusively hereditary in origin. This theory of hereditary 
transmission of the disease itself prevailed until the discovery of the 
infectious agent by Hansen, in 1873. Then contagion once more came 
to the forefront, in line with the trend in the concept of infectious 
diseases in general, coincident with the development of the science of 
bacteriology. Emphasis was turned toward the circumstance of expo- 
sure to the infectious agent as the more important determinant in the 
occurrence of disease, and the mode of spread became the central idea 
in epidemiology. The discovery of the Hansen bacillus afforded such 
plausibility to the theory of contagion that after a few controversial 
years the concept of hereditary transmission seems to have been over- 
whelmed. To quote Rogers and Muir:* “This threw a flood of light 
on the etiology of leprosy and revolutionized our entire conception of 
its epidemiology by displacing the then dominant and _ paralyzing 
hereditary theory of its origin by the now generally accepted and more 
hopeful infective one.”’ 
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The theory of contagion has remained predominant, and the failure 
of the disease to follow ordinary lines of contagion has been attributed 
to supposed variations in the degree or duration of exposure to the infec- 
tious agent. But with the recognition of the tendency of leprosy to 
remain restricted to certain regions, races and families for long periods 
of time—beyond anything which could be explained by corresponding 
restrictions in exposure—doubt has been thrown upon the belief that 
contagion is the major determinant in the distribution of the disease, 
and the place of more remote influences is again being considered. 

Thus, there are in the epidemiology of leprosy two divergent theories 
which have been advanced to explain the transmission of the disease, 
namely contagion and heredity. These concepts were derived at dif- 
ferent times, not so much from conflicting observations as from resisting 
inferences evolved from essentially similar observations. They were 
formed long in advance of developments in the specific fields of science 
involved, and with acquisition of knowledge, discrepancies in each and 
validities in both become apparent. 

The approval of either concept necessitates the acceptance of assump- 
tions of doubtful worth in the theory favored and the rejection of valid 
evidence in the opposition. There is no question but that the disease 
is spread through contagion, but the striking tendency to familial occur- 
rence would make it appear that the result of exposure is determined 
in large measure by an hereditary influence. Webster has demonstrated 
that inborn susceptibility is a major factor in the outcome of exposure 
to certain experimental infections. Studies in poliomyelitis suggest 
that familial susceptibility plays an important réle in the limited and 
selective occurrence of the paralytic disease.' Still another example 
might be mentioned where inherited susceptibility has been thought to 
play a distinct rdle in the manifestations of a disease. It is well known 
that a comparatively small percentage of cases of syphilis develop 
general paresis. One explanation for this has been the theory that 
only certain individuals are susceptible to involvement of the central 
nervous system with this infection, and that this susceptibility is 
inherited. This idea has been considered entirely plausible by many 
students of the disease. A similar concept of the epidemiology of 
leprosy would harmonize the acceptable features and adjust the dis- 
crepancies in the two opposed theories, namely that the disease itself 
is transmitted hereditarily, and that it results solely from prolonged 
or intimate contact. 

Hereditary Susceptibility. A dual etiology in leprosy, including the 
factors of hereditary susceptibility and contagion, is by no means a new 
epidemiologic notion. It was held for centuries in China and was 
believed in by Virchow, by Liveing and by Solano in Colombia. It was 
foreshadowed by writers of the early nineteenth century, who included 
remote circumstances to explain the vagaries in the occurrence of infec- 
tious diseases. Thus Gallup" wrote of certain epidemic infections in 
1815, “If diseases of this class are propagated by a contagious principle, 
it is of a singular sort, not subject to the laws of any known contagion,” 
and he “ assigned their origin . . . . more to remote influences affecting 
the system which increase liability to disease.’ Hereditary predispo- 
sition to leprosy was emphasized a century ago by Sir James Simpson** 
in his statement that, “Few facts in the history of tubercular leprosy 
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seem to be more universally admitted by all writers on the disease, both 
ancient and modern, than the transmission of the predisposition of it 
from parents to offspring.”” From the literature on the disease in the 
ISSO’s, one gathers that many students of the subject held this view. 
To quote one observer: “The disease does not appear to me to be 
hereditary, that is, transmitted de toutes piéces from parents to offspring 
by procreation, or stored in the blood of individuals for generations in 
its morbid nature and potential energy, without show of its presence. 
| doubt not, however, that the greater or lesser susceptibility to contract 
or acquire the distemper forms part of constitutional inheritance. 
Families may have received from parents and ancestors inorganic 
peculiarities, which render their members, or some, or many of them, 
not necessarily, but eventually, easier preys to the disease, when the 
exciting cause is brought, with effective force, to act upon them.” 
Hirsch,"® who was a proponent of hereditary predisposition, remarked 
in his criticism of the theory of contagion, “ Dr. Hansen forgets that 
there is such a thing as a congenital morbid diathesis, in which there 
can be no question of infection, a disposition towards a definite kind of 
sickness, residing in the organization of the individual by inheritance.” 
He goes on to suggest: “The best ground on which to try this question 
is obviously afforded by the small, closely circumscribed, and therefore 
easily surveyed leprosy spots, with a fixed population subject to no 
changes, where the state of health in the several families may be learned 
with the least possible trouble and followed through a long series of 
generations. Areas of observation of that kind existed at the beginning 
of the century at various points on the coast of Provence, France . 


in several of the coastal districts of Sweden . . . . and we will meet 
with them in southern Russia and the Caucasus . _ and in New 
Brunswick. . . For all of these places do we in fact find, in the 


authorities quoted, classical proofs that the disease clings to particular 
families as a consequence of continuous inheritance from generation to 
generation.” 

Aside from the bacteriologic evidence, there is an abundance of epi- 
demiologic proof that leprosy is an infectious disease. However, the 
factor of contagion alone is inadequate, since relatively few of those 
who are exposed develop the disease. The gaps have been filled in by 
supposed variations in degree or duration of exposure and by “ predis- 
posing causes.” The following statement by Rogers and Muir® epito- 
mizes the modern idea of contagion: “ When a case has been established 
beyond all doubt as one of leprosy, only half the diagnosis has been 
made. It is no less necessary to find out what is the predisposing cause. 
We consider that it is firmly established that in an endemic area less 
than half of those who are inoculated with the germs of leprosy develop 
the disease. Man, like the lower animals, when in normal health and 
living under favorable conditions is able to resist the onset of leprosy. 
Anything which lowers the resistance must be distinguished from natural 
immunity, although the latter forms a part of the former.” 

Elsewhere Muir® states: “Much of the confusion which exists in 
regard to leprosy is due to want of recognition of the important réle 
played by predisposing causes. There is probably no disease in which 
predisposing causes play a more important part than in leprosy. Many 
facts might be quoted to prove that, although the bacilli may be present 
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in the body, some predisposing cause or other is necessary before they 
ean begin to increase in number and produce signs.” He then cites a 
large number of contributory conditions, such as puberty, pregnancy, 
malaria, syphilis,* chronic bowel disorders, hookworm, unsuitable diet, 
climate, humidity, lack of exercise, the climacteric, and even laziness, 
which were regarded as predisposing factors. It is curious that heredi- 
tary susceptibility was not included in this sweeping list. It can only 
be supposed that it did not find a place because the factor of heredity 
in leprosy was completely set aside with the discovery of the Hansen 
bacillus, at an epoch when the whole tide of medical thought was 
turned away from constitution and toward contagion. 

Another obstacle to the acceptance of contagion per se is the relative 
infrequency of conjugal leprosy. Gwyther recorded that of 178 wives 
living with leprous husbands 3 to 27 vears, only 4 contracted the disease. 
McCoy and Goodhue give figures of 4.8% for females and 5.1% for 
males, and Kitasato found only 3.8% of conjugal infections. As a 
matter of fact, all the figures indicate that husbands and wives do not 
contract the disease any more often than do unrelated persons (servants, 
and so forth) living in the household. Hayd" reports an instance of a 
healthy husband who buried 3 leprous wives while he himself remained 
strong and well. The relative infrequency of conjugal leprosy as com- 
pared with familial occurrence usually has been explained on the basis 
of decreased susceptibility of persons of marriageable age. However, 
the age distribution of leprosy, even when set back for incubation 
period and lapse in diagnosis, does not indicate a decrease in suscepti- 
bility with age sufficient to account for the low incidence of conjugal 
leprosy. 

Turning to the concept of hereditary transmission, it is not surprising 
that the striking occurrence of leprosy in familial lines suggested the 
hereditary transmission of the disease itself, when it is remembered 
that the work of Danielssen and Boeck antedated that of Mendel by 
about 20 years and the recognition of Mendelian heredity by 50 years. 
Landré, as early as 1869, objected that the alleged hereditary influence 
showed itself more strongly in the collateral than in the direct line, in 
his opinion quite contrary to the laws of inheritance, evidently confusing 
heredity and congenital transmission. Similarly, Muir omitted cases 
in collateral relatives as affording no evidence of hereditary influence. 
Holmsen recorded 93 lepers, 12 (13%) of whom had parents or grand- 
parents who suffered from the disease. As an argument against hered- 
ity, he points out that in no less than 11 of the 12, the parents or 
grandparents were attacked after the birth of the children. 

J. C. White, in 1882, pointed out that such evidence as had been 
brought forward in support of the hereditary origin of leprosy was 
based on inquiries in restricted geographic regions where leprosy has 
prevailed for centuries among certain classes, and in small districts 
where affected families have intermarried for generations and where the 
continued appearance of leprosy in the descendants of such families 
“may be as good evidence of its communicability as of its hereditary 
origin,’ and he contended that the theory of heredity will not hold good 
in any instance without the absolute demonstration that inoculation 


* ‘Leprosy is the fourth stage of syphilis, a stage that white men are exempt from 
in the majority of cases . by reason of hereditary immunity *'? 
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has been impossible. Rogers and Muir state: “It may be observed 
that nearly all recorded data in favor of the hereditary origin of leprosy 
belonged to a period when the leprosy bacillus was either unknown or 
not fully established. It may safely be said that all of the evidence is 
now in agreement with the statement of Munro in 1879 that no proof 
can be brought forward that leprosy has the true character of a heredi- 
tary disease in being transmitted whether the children live with the 
parents or not.”” Manifestly, such criticisms as these are directed 
against hereditary transmission of the disease itself and as such are 
valid. The data which Danielssen and Boeck presented to substantiate 
their belief in the hereditary transmission of leprosy reveal the ten- 
dency of the contagion to restriction in high degree to family lines. 

Mauritz reported infection in Hawaii of 9 out of 17 children 3 to 14 
vears of age. Denny’s extensive statistics in the Philippines showed 16% 
of infections among children 1 to 10 years old, and as many as 44% in 
those who had lived with leper parents for from 7 to 10 years. Figures 
from the Culion leper colony up to February, 1922, showed infection of 
30S (14.2%) children born there and not separated from their leper 
parents, while 18.8% more showed suspicious signs of the disease, bring- 
ing the total of probable infections to no less than 33%. Sand and 
Lie reported that of 2010 children of 587 couples, 7% showed infection 
when the father alone was a leper, 14% when only the mother was 
diseased, and 26% when both parents were lepers. In Japan, Kitasato 
found 7% of the children of lepers contracted the disease. 

Hansen, in spite of being aligned on the side of the contagionists, 
recorded 51 out of 210 patients who had leper relatives in the direct line 
of ascent. Vandyke Carter reported that in the Kattiawar State in 
the west of India, relationships between lepers showed some direct or 
collateral taint in 30%. Ehlers, of Copenhagen, recorded that in 1897 
he found in Iceland 56 of 119 patients who had leper relatives: one or 
both parents in 22, brothers and sisters in 20, and grandparents in 14. 

Brinckerhoff reported 84 out of 460 cases which gave some family 
history of the disease: father or mother, 36 cases; brother or sister, 
24 cases; cousin, uncle, aunt, and so forth, 18 cases; father and mother, 
(} cases; son or daughter, 2 cases. He felt that these data only partially 
portrayed the familial occurrence of the disease . . . . “for it is exceed- 
ingly improbable that the patients, whatever their suspicions might be, 
would reveal the source of their infection. This reticence is broken 
only when a member or members of the family are already subjects of 
segregation.’’ One cause for this secretiveness is the widespread belief 
among the Hawaiians that leprosy is a disease transmitted by sexual 
intercourse. 

MeCoy™ collected over a period of 13 years statistics of 461 cases in 
which there had been known association with a leper; in 316 of these 
the contact had been with a member of the family. Illustrative of 
many records in the literature that are indicative of a familial tendency 
is the report of Thin of the lineal eccurrence of leprosy in five genera- 
tions. No record is given of the disease in collateral lines. 

To determine to what extent leprosy was propagating in families in 
Louisiana, Hopkins and Denney" selected for study the first 100 cases 
at the National Leprosarium in which complete family histories were 
obtained, and added all subsequent information concerning the appear- 
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ance of leprosy in other members of these families during the 15 years 
that had elapsed since the admission of the last of these patients. 
These original patients were members of 100 families consisting of 
100 fathers, 100 mothers and 474 brothers and sisters, a total of 674 per- 
sons in the immediate families, which therefore averaged 6.7 persons 
per family. Of this group of original cases, 64 represented instances of 
only 1 leper in the family without further known propagation of the 
disease. In the families of the other 36 lepers, however, there developed 
83 additional cases, and this group of 119 lepers presents interesting 
evidence of familial tendency. There were 5 instances in which the 
disease occurred in a father and | or more of his children, 15 instances in 
sons of lepers, 21 instances in daughters of lepers, 38 instances among 
brothers, and 31 instances among sisters. In addition, the following 
number of cases occurred in less closely related members of the family: 
8 uncles, 8 aunts, 18 nephews, 9 nieces, 5 granddaughters. Furthermore, 
Hopkins and Denney stated that among all the patients admitted to 
the Louisiana Home (which at that time, 1929, received only excep- 
tionally patients outside the state) an astonishingly large percentage 
was found to be closely related by blood. As many as 33 % were parent 
and child, brother and sister, uncle or aunt, nephew or niece. In one 
instance reported, a woman who was a conjugal leper was herself a 
member of a leprous line: her father, mother, 4 brothers, | sister and 
a nephew developed the disease. 

It would thus appear that the definite tendency which leprosy shows 
to restricted occurrence in family lines and its failure to spread to per- 
sons who, though closely associated, are not related by blood ties can 
best be accounted for by familial susceptibility. This conclusion leads 
to the consideration of a new concept to explain the transmission of 
the disease: admitting the necessity of exposure, and casting hereditary 
susceptibility as the predisponent necessary in the development of the 
disease. 

Dual Etiology. In a disease which is determined by both contagion 
and some selective predisposition, such as hereditary susceptibility, the 
distribution of cases would tend to resemble that of contagious diseases 
where the proportion of susceptibles in the population is high; and only 
where there is little suitable material would restriction to certain cate- 
gories of individuals become apparent. Thus, the theory of contagion 
as the sole etiologic factor in leprosy doubtless has received its strongest 
support in areas where the proportion of susceptibles has been high. 
On the other hand, in regions in which this factor has been restricted, 
as in Norway, the features presented might well have accounted for the 
hereditary theory. 

A dual causation would adjust many of the factors in the existing 
theories which are at variance with our definitive knowledge of the 
respective means of spread. It may explain, for example, why leprosy 
possesses a high degree of communicability for those connected by 
blood ties, and is well-nigh non-communicable for unrelated individuals 
living in equally close proximity to cases, such as nurses and attendants, 
husbands and wives. It might reconcile a discrepancy in the theory 
that the disease itself is hereditary, namely, that sometimes a parent 
may not develop the disease until after the birth of offspring who later 
become leprous. The proposed concept might also make clear the 
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reason why the disease spreads extensively when first introduced into a 
given population (Nauru), on the grounds that a large number of sus- 
ceptibles have accumulated over an interval when the group was not 
exposed to infection, as well as why the disease remains restricted to 
small foci for long periods of time. In short, a twofold etiology would 
reconcile the paradox of the low contagiousness in general of a disease 
which under certain circumstances is highly communicable. 

It would hardly be expected that members of certain family lines 
would be confined to very sharply localized areas, or that the infectious 
agent itself could by any conceivable chance be so restricted. Sharply 
localized foci of a disease might well exist, though each of the two fac- 
tors is less limited since there is a diminished chance of the two spread- 
ing in the same direction. The outer boundary of a disease resulting 
from either contagion or heredity would be far more extensive than that 
of a disease resulting from the coincidence of the two in the same 
individual. 

The results from human inoculations are in keeping with the concept 
of dual causation. Danielssen, Profeta, Cagnina and Bargilli failed to 
infect themselves, but in Arning’s well-known case of the convict Keanu 
the disease did develop after inoculation. Although this case is some- 
what spoiled as an experiment by the fact that the man had lepers 
among his relatives with whom he was in contact before and after 
inoculation, there would seem to be little question from the fact that he 
experienced pain in the inoculated arm in 1 month and a nodule ap- 
peared 4) months later at the site of inoculation, that the disease in 
this instance might well have developed from the inoculation, due to 
the fact that the inoculated individual possessed an inherited suscep- 
tibility to the infection. 

Belief in a dual etiology in leprosy has been expressed many times 
hy students of the disease, but no specific studies seem to have been 
made to verify such a conception. Since the establishment of the 
infectious nature of the disease, much of the data available in regard 
to familial occurrence has been incidental to efforts to trace the sources 
of contagion, which in a high percentage of cases have been blood rela- 
tives. In order to test the concept of hereditary predisposition, an 
exhaustive study should be made of the disease in family lines, specifi- 
cally: 1, to evaluate the significance of the frequency with which the 
infection is communicated to relatives in comparison with others who 
are in similar close proximity to cases; 2, to ascertain whether conjugal 
infections, when they occur, are not largely restricted to individuals 
who are themselves members of leprous lines; 3, to investigate epidemio- 
logically a third group, those cases who are members of leprous families, 
but who contracted their infection from sources other than members 
of their own families. 

The obvious and permanent manifestations of leprosy, as well as the 
fact that a large proportion of cases have been recorded and put under 
institutional observation, remove the large error resulting from missed, 
forgotten or unknown cases which would be encountered in diseases 
which run a rather temporary course. The disease on the American 
continent, because of its low incidence and restriction to sharply local- 
ized foci, presents particular advantages for epidemiologic studies of 
the sort proposed. Leprosy persists among the Acadian French in New 
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Brunswick, Canada, and in Louisiana; in Galveston, Texas, predomi- 
nantly in those of German blood; until recently in a small focus among 
the Norwegians in Minnesota; and in Key West, Florida. It is endemic 
in Corrientes in Argentina and in Paraguay, and it is an important public 
health problem in Brazil and Colombia today. 

The elucidation of the phenomenon of hereditary predisposition to 
leprosy, which would appear to constitute a necessary adjunct to the 
completion of the cycle of infection, might serve to bring into sharper 
focus the actual mode of transmission by redirecting the search, hitherto 
fixed on peculiarities of exposure in those infected, to study of undiffer- 
entiated and perchance simpler circumstances of exposure shared by 
both susceptible and insusceptible persons. The accomplishment of 
this objective might lead to more effective and immediate measures for 
the control of contagion. Coincidentally, an understanding of the 
Mendelian behavior of susceptibility might create a consciousness of 
the biologic importance of heredity, and this knowledge might be ex- 
pected in turn to exert, through the eugenic control of autarceologic 
susceptibility, a deterrent effect on the leprosy of the future. 

Regional, Racial and Familial Selectivity. Leprosy, not indigenous 
to North America, has been introduced into all sections of the continent 
but has not spread except in a few sharply circumscribed areas. One 
feature of the disease in each of these foci is its tendency to remain 
restricted through successive generations to certain racial stocks, im- 
migrant from regions of prevalence or in whom the disease occurs 
elsewhere. Other nationalities within the areas are nearly or entirely) 
exempt. Furthermore, these foci tend to be sharply delimited by the 
boundaries of the areas populated by the particular groups concerned. 
The localities involved are widely separated geographically, and ditfer 
markedly with respect to environmental influences. Although various 
nationalities are represented in the several foci, in the two which are 
the largest and most widely separated, the affected individuals are of a 
common ancestry. 

These observations suggest that the continued occurrence of leprosy 
in certain localities on this continent is not dependent on the presence 
of infected individuals alone, or on environmental factors peculiar to 
these areas, but that, in addition to the presence of cases as sources of 
infection, it is contingent on some circumstance which is inherent in 
individuals of the groups involved. 

Leprosy in Minnesota. Leprosy was introduced into Wisconsin, 
Iowa and especially Minnesota in the middle of the nineteenth century 
by some 160 cases among the Scandinavian immigrants to the North- 
west. Data on 52 such cases were published in 1900 by Bracken. 
The histories of 12 cases were not available, while 18 had developed 
the disease in Europe and 28 after coming to the United States. The 
longest interval elapsing between immigration and the occurrence of 
symptoms was 20 years; in 19 cases the period was under 10 years; 
and in 9, it was between 10 and 20 years. These intervals are not 
inconsistent with the belief that the disease was contracted prior to 
departure from Europe. Of the 52 cases, 35 died before 1900. Little 
is known of the first 17, but according to Bracken “from various 
reports it is safe to assume that they were all from Norway.” Of the 
remainder, 30 were from Norway and 5 from Sweden. 
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Hansen visited Minnesota in ISS8 for the purpose of studying the 
propagation of leprosy among the Norwegian immigrants and_ their 
descendants in this new environment. He reported” in refutation of 
the theory of hereditary transmission, “We have demonstrated by our 
investigations in North America that of the numerous descendants of 
Norwegian lepers there, not one has developed the disease.”” This 
observation was widely quoted in the literature as convincing evidence 
against heredity as a factor in the epidemiology of leprosy. Rogers 
and Muir® state: “The most striking example of this (the diminution 
or absence of leprosy where it should have continued if essentially or 
even largely an hereditary disease) is furnished by Hansen's observations 
on 170 Norwegians, who migrated to the temperate northern portion 
of the United States of America, especially Minnesota, when either 
suffering from leprosy or in the incubation period of the disease; yet 
at the time of Hansen’s visit to America, not one of their descendants 
up to the third generation had developed leprosy under the favorable 
hygienic conditions they lived in, which would not have prevented the 
occurrence of an hereditary disease.”’ 

Thirteen vears after Hansen’s visit (1901), Burnside Foster!’ reported 
a case of leprosy in Minnesota in an American-born descendant of one 
of the affected Norwegian families. Referring to Hansen’s dictum, 
Foster said, “ You are all familiar with the statement, so frequently 
made, that all the cases of leprosy in the Northwest have had their 
origin in some leprous district or some other country, and that for some 
unexplained reason the disease was never communicated to others 
here, although there has been abundant opportunity for such com- 
munication. This case puts the matter in a new light.” Foster's 
report, correcting the widely accepted conclusion of Hansen, seems to 
have passed almost unnoticed. 

Hansen’s observation was not only premature, but was based on 
insufficient data. Even at-the time he was in Minnesota, the patient 
reported by Foster was already suffering from the disease—he developed 
symptoms about 1885 and died in 1898, but the case was not reported 
until his brother was diagnosed as leprous. This was about 14 years 
after Hansen’s visit and 40 years after the immigration of the patient’s 
father from Norway. The patient is said to have had a leprous uncle 
in Norway whom he had never seen, and in infancy to have been 
nursed by a woman who had 2 brothers who were leprous. However, 
since none of his family had had leprosy in America, he was not exposed 
to “ prolonged and intimate contact with members of his own family,” 
to which the familial occurrence of the disease is generally attributed. 

Leprosy has continued in Minnesota up to the present time, appar- 
ently largely in the descendants of the affected Norwegian families. 
Indeed, Bracken*’ has stated, “ We have no record of leprosy occurring 
outside the family of a leper in Minnesota.”” A contemporary case is a 
woman whose grandmother, mother and uncle had the disease. The 
grandmother was born in Mora, Sweden, where she lived with her 
foster mother who had leprosy. She came to Minnesota in 1887 and 
married in S88. She had 4 children, 2 of whom—the mother and the 
uncle of the present case—developed the disease. 

Leprosy in Manitoba and Saskatchewan. In addition to the cases 
of leprosy from the New Brunswick focus, 23 patients have been ad- 


160 PROGRESS OF MEDICAL SCIENCE 


mitted to the Tracadie leprosarium from other parts of Canada. Of 
this group, 13 were sporadic, from various parts of the Dominion, 
most of them known to have resided previously in foreign leprous areas. 
The remaining 10 were admitted from Manitoba and Saskatchewan, 
the only two localities outside of New Brunswick which present anys 
degree of concentration of the disease. 

Manitoba. Four patients, all of them Icelanders, were admitted to 
Tracadie from Manitoba in 1897, 3 from Winnipeg and | from Selkirk. 
Case records are not available, but it may be presumed that they 
brought the disease from Iceland, where it has existed for centuries 
and where the reported figures reached the high mark of 226 cases in 
1S96. 

Saskatchewan. Six patients having been admitted from the Province 
of Saskatchewan, 5 Russians and 1 Syrian. 

There are in Saskatchewan small colonies of Dukhobors, a Russian 
religious sect, whose members are opposed to participation in military 
service and for this reason were a persecuted people in their own land. 
In 1840-1850 they were banished from the government of Tauris to 
Transcaucasia, near the Turkish frontier. This region, south of the 
Caucasus Mountains, between the Black and Caspian Seas and extend- 
ing into Azerbadjian, Armenia, Turkmenia and the frontier of Iran, is 
known to be infected with leprosy. 

In 1899, about 7500 Dukhobors emigrated to Canada, where the 
Canadian government allotted them land in the Province of Saskatche- 
wan near Yorktown, Thunder Hill and Prince Albert. They comprise 
but a minority of the population-in Saskatchewan, yet 5 of the 6 cases 
of leprosy from that province have been in Russians, from villages in 
the region settled by the Dukhobors; 1 case being from the town of 
Verigin, named for the Dukhobor leader in Saskatchewan. Professing 
as they do opposition to form in religion, it is probable that marriage is 
limited to the members of their own group. 

Four of the 5 patients evidently were born years before the coloni- 
zation of the Dukhobors on this continent, and presumably were 
infected in their native land. The interval elapsing before their admis- 
sion to the leprosarium may indicate a relatively long incubation period, 
but it is not known how far advanced the disease was when it was 
detected. The date of birth of the fifth patient would suggest that 
the individual was born in Canada and developed the disease there; 
and information has been received recently which corroborates this 
assumption. The nationality of the sixth patient from Saskatchewan 
is given as Syrian. Since both the places of origin and of settlement 
of this individual are adjacent to those of the Dukhobors, the specu- 
lation is permissible that he may have been of the same group but had 
lived across the border from the Dukhobors in Russia- 

The immigration of the affected groups in Manitoba and Saskatch- 
ewan was recent (the Dukhobors in 1899) and the cases, with one 
exception, presumably were imported. If we take the Minnesota 
experience as a criterion, it may still be too early to expect to find addi- 
tional cases in the descendants of the original Dukhobor or Icelandic 
immigrants. In Minnesota, with a much larger number of immigrant 
cases, the first occurrence of the disease in an American-born descendant 
of the affected Norwegian families was reported in 1902, some 40 years 
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after the arrival of the family in this country and 14 years after Han- 
sen’s visit and erroneous conclusion. The single known American- 
born case in the Saskatchewan group was reported in 1930, 31 years 
after the Dukhobor immigration. An imaginary study of the cases in 
this focus, corresponding to Hansen’s study in Minnesota in 1888, 
would have been made in 1927, and the disease would not have been 
revealed in any Canadian-born descendant of the Dukhobors, since the 
first case among them was not discovered until 1930. 

Leprosy in New Brunswick and Louisiana. An outstanding feature 
of established leprosy on the North American continent is its continued: 
occurrence in people of a common origin who live in two widely sepa- 
rated and circumscribed areas. 

Approximately 300 cases have been recorded from 1815 to the pres- 
ent time in northeast New Brunswick, in an area not larger than a 
county, lying between the mouth of the Miramichi River and the 
Baie de Chaleur. This territory was partially settled by Norman immi- 
grants, many of whom fled from Nova Scotia at the time of the Acadian 
expulsion of 1755, crossed the isthmus and scattered along the shores, 
forming settlements at intervals as far north as the St. Lawrence 
River. The disease was first detected in one of the older settlements, 
composed almost entirely of French Acadians of Norman descent. 

The first recorded case in New Brunswick was that of a French 
woman whose paternal grandfather came from St. Malo, Normandy, 
where leprosy existed. She developed the disease between 1815 and 
ISIS and died in 1828. Her husband subsequently became leprous, 
as did also two of her sisters. The disease gradually spread thereafter. 

The actual origin of this focus is shrouded in mystery. One account 
is that the first case was contracted by washing the clothes of sailors 
who came to Caraquet, New Brunswick, from France. It has also 
been asserted that, in 1815, two Norwegians took passage in “La 
Florida,” a ship which navigated the Baie de Chaleur. These men, 
who were in an advanced stage of leprosy, left the vessel at Misonette, 
opposite Caraquet, and coming to Tracadie spent some days with the 
family in which the first cases occurred. 

The records of leprosy in New Brunswick unfortunately go back only 
to IS15. At about this time the disease was occurring in some 4 or 
5 families who had come to Tracadie together after the Acadian expul- 
sion and were probably already interrelated." From 1844 to the pres- 
ent time, 311 cases have been admitted to the leprosarium in Tracadie, 
practically all of whom came from a few villages in the east of North- 
umberland and Gloucester counties, comprising an area bounded by 
Chaleur Bay, Miramichi Bay and the Bay of Fundy. 

An analysis of the records? from the point of view of. familial occur- 
rence reveals interesting relationships. The 311 cases bear only 87 
different surnames. These figures, however, may be appreciably 
altered when more closely examined. 

1. Eighteen immigrant cases admitted from other parts of Canada 
may be excluded, leaving 293 cases with 69 surnames. 

2. Variations in spelling in branches of some of the older families 
account for 12 additional designations, bringing the number of family 
names to 57. 

3. The list includes 58 cases whose 18 surnames are foreign to the 
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community, but who are nevertheless members of the local families, 
leaving 39 family lines to account for 293 cases. 

t. Lack of familial data makes it necessary to omit 25 families with 
tl cases. Thus, there remain 14 families in which 252 cases occurred. 

5. Furthermore, 128 of the 252 cases actually bear the same sur- 
names as 8 of the cases admitted to the leprosarium in 1844. Inter- 
marriage between these original families has been extensive up to the 
present time. An interesting note is that the 4 most recent patients 
admitted to the leprosarium actually bear the same surnames as cases 
admitted in 1844. 

Leprosy was first recorded in Louisiana in 1766-68, during the admin- 
istration of Ulloa, when cases occurring among the French were iso- 
lated at Balize at the mouth of the Mississippi River. In 1785, Miro 
established a leper hospital at New Orleans, which had but a brief 
existence. Subsequent sporadic cases attracted little public interest, 
and it was not until 90 years later (1872) that Joseph Jones'’ noted 
the increasing importance of the disease in certain parts of Louisiana. 
The cases which he observed were principally in persons of French 
descent, many being offspring of the Acadians who were driven out 
of Nova Scotia in 1755 and recolonized in Louisiana. The occurrence 
of leprosy in the Acadians both here and in New Brunswick suggests 
that it may have been carried to Louisiana by these people, but there 
is no record of the disease among the Acadians in Nova Scotia, their 
original home on this continent. The record indicates that the disease 
was introduced into the two areas long after the Acadians had sepa- 
rated and the groups had gone their different ways. 

In 1888, Blanc* reported having seen 42 cases in New Orleans in 
5 years. Their histories indicated that they were epidemiologically 
related to the Acadians, to immigrants from the West Indies, or to 
more recent immigrants from western Europe. 

Denney® traced the origin of 471 cases which had developed in 
Louisiana and found that 391 of the patients were born in the state, 
13 came from elsewhere in the United States, and 37 were foreign- 
born. He concluded from these figures that, “ There is in the state of 
Louisiana some inherent, although undetermined factor which renders 
its populace more liable to develop the disease.” That this factor 
resides in the people rather than in the environment is suggested by 
the preponderance of the disease in Louisiana among certain racial 
stocks, the existence of foci in two widely separated areas each popu- 
lated by a certain group, and the restriction of the disease to localities 
occupied by people of the racial stocks involved. The .suggestion is 
that the Louisiana focus, apparently on the wane, took on renewed 
activity with the introduction of German immigrants, probably includ- 
ing susceptible individuals, since the occurrence of leprosy principally 
in people of this stock extends into eastern Texas, where there are 
large German settlements. 

The figures of the occurrence of leprosy in Germans of New Orleans 
is suggestive. Of 370 lepers reported in the United States, 34 are of 
German blood; and 12 of these were born in New Orleans, 7 being also 
admitted from there. A total of 27 cases are recorded as born in New 
Orleans. Thus, not only is the ratio of German lepers born in New 
Orleans to the total number of cases of German extraction in the United 
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States far out of proportion to the population distribution, but there 
is also a lack of correlation between the number of New Orleans born 
lepers who are German and the population composition of that city. 

Because branches of the same families who went to New Brunswick 
from Nova Scotia are known to have colonized in Louisiana, studies 
of the familial occurrence of leprosy begun in New Brunswick were 
extended to the Louisiana focus. At one time within recent years, 
there were in the leprosarium at Carville 106 patients who were either 
born or admitted from 45 Louisiana towns, 40 of which were in the 
Teche country. A survey of telephone directories available showed 
family names associated with leprosy in New Brunswick in 24 of the 
27 towns. The names of the 14 family lines responsible for the majority 
of cases in New Brunswick were found in 22 towns. 

A visit to the Teche country yielded the names of 114 patients, past 
and present. Satisfactory genealogic information was obtained con- 
cerning 60 of these cases: 25 names neither corresponded to those of 
the New Brunswick patients nor did such names appear in the gene- 
alogies; the remaining 35 cases either bear the same names as cases in 
New Brunswick or have these names in their lines, 25 actually bearing 
% surnames corresponding to those of New Brunswick patients: and 
6 of these are among the 14 New Brunswick families which have con- 
tributed the largest number of cases in the Canadian focus. Further- 
more, 7 of these 9 families in Louisiana are interrelated. 

Genealogic records seemingly having been broken off with the expul- 
sion of the Acadians, it was not possible to establish actual consanguin- 
ity between cases in New Brunswick and Louisiana. That these people 
are related, however, is indicated by the fact that they came from the 
same place and bear the same names; and there may be added the 
interesting observation made by a group of Acadians from the Maritime 
Provinces who visited in Louisiana that they “.... took pleasure in 
naming people by their family names when meeting them for the first 
time, the resemblance to people of the same names in New Brunswick 
being so striking.” 

Other Foci. A number of other instances of sharply circumscribed 
areas of prevalence exist, where there are sufficient recorded data to 
suggest that the disease conforms to the characteristics found in the 
foci studied. 

Norway: There were, in 1940, 18 patients in the leprosarium in 
Bergen, Norway.’ They came from scattered localities, not from any 
one place or single family. Twelve of them give a history of having 
leprous relatives. While a mumber of these cases are in siblings or 
contemporary relatives, where exposure may be presumed, in 4 cases 
either the connection was very remote or the leprous relative had died 
before the birth of the contemporary case. 

Nauru: Nauru, an island in the south Pacific with a population of 
2200 (divided equally between Nauruans and imported labor), had in 
1922 a total of 35 lepers, 34 of whom were natives and | a Caroline 
Islander. These cases have been assumed to be due to contact infec- 
tion. It must be noted, however, that the disease was almost entirely 
confined to the Nauruans, among whom there is a high degree of con- 
sanguinity. Indeed, 10 examples of close kinship were brought out in 
the 34 cases.”° 
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Australia: Studies of leprosy in Australia,’ particularly in the 
aborigines, afford evidence of similar familial concentration of the 
disease. 

Leprosy in the United States. Certain regional, racial and familial 
relationships of leprosy throughout the United States, based on an 
analysis of data (unpublished) concerning 927 admissions to the U. 8. 
Marine Hospital, Carville, La., during the period 1921-39, are in con- 
formity with those in the individual foci. 

The 430 foreign-born cases included in the data were probably impor- 
tations, since they came for the most part from countries where the 
disease is known to be previ alent. A certain correspondence in geo- 
graphic distribution exists in some instances between the foreign-born 
cases and cases originating in this country. On the other hand, how- 
ever, some states with a considerable number of imported cases have 
no domestic leprosy. Considered racially, there is still less correspon- 
dence. The disease may spread to individuals in the area of the same 
race that brought it, but just as often is associated with other racial 
groups living there; or it may not spread at all. In no case does leprosy 
go through all the racial stocks in the areas involved in proportion to 
their numbers. Thus, it may be assumed that the introduction of 
leprosy from without explains only in part the existence of leprous foci 
in this country. 

The 497 American-born cases in the series were divided for epidemi- 
ologic study into two groups: 1, those born and admitted from the 
same state; and, 2, those born in one state and admitted from another. 
The geographic distribution of the 596 stationary cases probably pre- 
sented a more accurate index of distribution because of the difficulty 
of setting accurately the time of infection in this disease, with its vari- 
able and often prolonged incubation period. The allocation of these 
cases reveals four major foci of the disease— California, Texas, Louisi- 
ana and Florida. A number of additional cases were associated with 
MississippI, Alabama, Georgia, South Carolina, Minnesota and Wis- 
consin, states which may be considered lesser foci, since they have been 
concerned in the occurrence of the disease over a long pe riod of time. 
The distribution of the 101 migrant cases shows a high degree of asso- 
ciation by either birth, admission or history of residence with the same 
leprous foci with which the stationary cases are connected. 

The factor of contagion is shown by the fact that 491 of the 497 
domestic cases can be allocated to known areas of prevalence either 
here or abroad, leaving only 6 cases which may be taken to represent 
the strictly sporadic occurrence of the disease within the United States. 
Two of these cases were questionably sporadic. The remaining 4 were 
all of German stock—and 2 of them were mother and daughter. 

The involvement of a single racial stock in these 4 cases prompted 
an analysis of cases of German descent in this country. There is a 
concentration in Texas, coinciding with the area involved in the focus 
of the disease there. While in Louisiana the main focus of the disease 
in another racial group is outside New Orleans, the concentration of 
cases in German stock is almost entirely within this city. The remain- 
ing cases of German descent occur in less defined areas in mid-United 
States. Regional relationships have been established between cases. 
The proportion of Germans among imported and domestic cases in 
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this country where the race was known is as follows: of 378 foreign- 
born cases, 6 (1.58%) were German. Of 249 domestic cases born and 
admitted from the same state, 33 (13.2%) were German, and of 58 
migrant cases, 10 (17.2%) were of this race. 

Leprosy in the United States may therefore be said to be predom- 
inantly confined to certain sharply defined areas, and furthermore to 
certain racial groups within these areas. The records now extend over 
a sufficient period of time to show that within these areas the disease 
has continued to occur in successive generations in the same family 
lines. 

Thus, studies of leprosy “in small, closely circumscribed, and there- 
fore easily surveyed leprosy spots, with a fixed population subject to 
no changes, where the state of health in the several families may be 
learned with the least possible trouble and followed through a long 
series of generations” (Hirsch"*) reveal serious discrepancies in the two 
epidemiologic concepts that have at times been dominant: 1, that the 
disease is transmitted hereditarily; and 2, that it is propagated by con- 
tagion. A third concept is indicated, namely, that leprosy is propa- 
gated by contagion through active cases of the disease, but that its 
occurrence in those exposed is secondarily largely influenced by autarce- 
ologic susceptibility to the infection, which is an inherited character. 

The studies reviewed here, concerning the racial, regional and familial 
occurrence of leprosy, indicate two particular lines of approach which 
should bring the factor of hereditary susceptibility into sharper focus: 
1, more exhaustive genealogic research in foci of the disease, such as 
exist in the United States, where the disease is confined largely to 
certain racial groups; 2, more detailed studies of conjugal leprosy, in 
order to test out the validity of the idea that the relatively infrequent 
cases are attributable to the fact that the mate who contracts the 
disease is a member of a family in which leprosy occurs and is therefore 
presumably hereditarily susceptible. 


W. Liuoyp Aycock, M.D. 
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Some Physiologic Effects of 11-desoxycorticosterone and 17-hy- 
droxy-11-dehydrocorticosterone in the Partially Depancreatized Rat. 
D. J. INGLE and G. W. Tuorn (Cox Institute, University of Pennsyl- 
vania, and Johns Hopkins Hospital). Partially depancreatized rats, 
and adrenalectomized, partially depancreatized rats were used to com- 
pare the physiologic properties of 11-desoxycorticosterone acetate and 
17-hydroxy-11-dehydrocorticosterone. Treatment with 1, 2 or 5 mg. 
of the latter compound was followed by glycosuria, ketonuria, an 
increase in the excretion of non-protein nitrogen, potassium and inor- 
ganic phosphorus, loss in body weight and ultimately resulted in the 
death of the animal. However, all of the increased glucose excretion 
could not be accounted for on the basis of increased glucose formation 
from protein. Treatment with equivalent quantities of 11-desoxy- 
corticosterone acetate failed to induce glycosuria, ketonuria or increased 
non-protein nitrogen excretion, but a slight increase in potassium excre- 
tion, unaccompanied by an increased excretion of inorganic phosphorus, 
was noted following its injection. Largerdoses of 11-desoxycorticosterone 
acetate (10 mg. daily) induced glycosuria in 2 of 3 animals so treated. 
In contrast to the effect of 17-hydroxy-11-dehydrocorticosterone, treat- 
ment with 1, 2 or 5 mg. of 11-desoxycorticosterone acetate was followed 
by a striking decrease. in the renal excretion of sodium and chloride 
in 11 of 12 experiments. 


The Response of the Human Uterus to Posterior Pituitary Extract 
During Pregnancy. 1). P. Murpuy (Gynecean Institute, University 
of Pennsylvania). The uterine contractions of a series of pregnant 
women were recorded with a Lérand tocograph. During the recording 
period some of the patients received intramuscular injections of pos- 
terior pituitary extract. Part of the latter group were treated at 
weekly intervals throughout the greater part of pregnancy with a dose 
which was constant from week to week. 

The observations throw light upon the following questions: a, the 
earliest time in pregnancy at which spontaneous and induced uterine 
activity can be detected by the method; 5, the influence of advancing 
pregnancy upon spontaneous and induced activity, and upon the 
interval between treatment and response; c, the influence of both the 
parity of the patient, and the degree of tension of her uterine wall 
upon the nature of the response to posterior pituitary extract; d, indi- 
vidual differences in response throughout pregnancy. 
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The Behavior of Dorothy Reed Cells in Tissue Cultures.* Muar- 
GARET Reep Lewis (Carnegie Institution of Washington and The 
Wistar Institute of Anatomy). In earlier studiest it was found that 
the cells of blood-forming organs could be identified in tissue cultures 
by their characteristic mode of locomotion shown by motion pictures. 
An effort was made to determine the nature of the cells characteristic 
of Hodgkin’s disease by comparing their behavior with that of normal 
cells and of malignant cells from lymphosarcomata, monocytomata, 
and myeloblastic sarcomata. 

Cultures of the glands of patients with. Hodgkin's disease exhibited 
a luxuriant outgrowth of giant stroma cells containing large single or 
multilobed granular nuclei with large nucleoli. Tripolar and bipolar 
mitotic figures with an increased number of chromosomes were present. 

Lymphocytes, Dorothy Reed or Sternberg cells, and stellate macro- 
phages grew out in the early cultures and their subcultures, but within 
a few days they were overgrown by stroma cells. 

The small Dorothy Reed cells migrated freely with a writhing 
motion, some of them being identical in size, shape and locomotion 
with the myeloblasts. The large Dorothy Reed cells were sluggish, 
and in size, shape and movement resembled the megalokaryocytes, 
except that while many of the Dorothy Reed cells were multinucleated, 
their nuclei were not lobed and had heavier nuclear membranes and 
larger nucleoli than those of the megalokaryocytes. They were not 
phagocytic and did not move like normal macrophages, epithelioid 
cells, or Langhans’ giant cells. 

When the Dorothy Reed cells were compared with those from can- 
cerous lesions, it was found that their behavior differed from that of 
malignant lymphoblasts and monocytes, but resembled that of the 
malignant myeloblasts, particularly the large multinucleated myeloid 
cells that multiply in the lymph nodes of certain cancerous lesions that 
Midert has brought about in mice by means of methylcholanthrene. 

From the motion picture studies, it was concluded that the Dorothy 
Reed cells were myeloid rather than lymphoid or monocytic in origin. 


The Respiratory Response of the Dog to Anoxemia. P. R. Dumke, 
C.F. Scumipt, and H. P. Catopr (Department of Pharmacology, Uni- 
versity of Pennsylvania). These experiments were intended to study 
the action of anoxia on the respiratory center, to determine the threshold 
of sensitivity of the chemoreceptors to anoxemia, and to establish the 
parts played by changes in the oxygen dissociation curve of blood and 
hy the chemoreceptors in producing the additive effects of hypercapnia 
and anoxemia. Dogs lightly anesthetized with morphine and chloralose 
were made to breathe in succession room air, pure oxygen, oxygen plus 
3.5% earbon dioxide, 10 to 12% oxygen in nitrogen and the same plus 
3.5% carbon dioxide before and after denervation of the chemorecep- 
tors. Arterial blood collected during a steady state of each inhalation 
was analyzed for pH, oxygen and carbon dioxide tension. 

* Aided by a grant made to Dr. Warren H. Lewis from the International Cancer 
Research Fund 
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Inhalation of 10% oxygen produced a definite stimulation of res- 
piration in the normal animal, but after the chemoreceptors were dener- 
vated there was only depression of respiration. 

Arterial oxygen tensions of 60 mm. of Hg or less were required to 
produce respiratory stimulation before denervation. 

Respiratory depth in the normal dog was consistently greater during 
inhalation of carbon dioxide in low oxygen than during inhalation of 
carbon dioxide in pure oxygen. After denervation the hyperpnea of 
the latter was definitely greater than that of the former. Thus the 
direct effect of anoxemia on the respiratory center is to depress its 
response to carbon dioxide. 

The increased tolerance to atmospheres low in oxygen following addi- 
tion of carbon dioxide to the inspired air was found to depend much 
more on the increased depth of breathing produced by chemoreceptor 
reflexes than on changes in the oxygen dissociation curve. As measured 
by the difference between the oxygen tension of the inspired air and 
that in the arterial blood (ApO2) the chemoreceptor reflexes are approx- 
imately four times more important. 
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